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INTRODUCTION 


Whereas  the  Mach  number  distribution  in  supersonic  boundary 
layers  can  be  obtained  with  sufficient  accuracy  from  con- 
ventional Pitot  probe  measurements,  the  experimental  determination 
of  the  total  temperature  requires  a considerable 
effort  in  order  to  achieve  high  accuracy.  Such  reliable 
measurements  are  necessary  to  properly  define  the  flow  field 
in  supersonic  turbulent  boundary  layers. 

The  purpose  of  this  paper  is  to  report  on  the  results  of 
a direct  comparison  of  two  total-temperature  measuring 
techniques.  This  is  prefaced  in  the  first  part  of  the  paper 
by  a critical  survey  of  existing  total -temperature  measuring 
instrumentation  including  the  bare  wire  thermocouple  probe, 
shielded  stagnation  temperature  prcbe,  mass  flow  probe, 
equilibrium  temperature  probe  and  combined  temperature- 
pressure  probe.  The  main  advantages  anc  disadvantages  cf 
these  probes  and  their  special  application  will  be  discussed. 

The  second  part  of  the  paper  describes  the  comparative 
probe  measurements  between  the  equilibrium  temperature 
probe  and  the  combined  temperature-pressure  probe. 

SURVEY  OF  EXISTING  MEASURING  TECHNIQUES 


Measurement  Considerations 


Conventional  instruments  for  the  probing  of  boundary- layer 
flows  have  been  developed  to  measure  either  the  total  pressure, 
static  pressure,  total  temperature  or  mass  flow.  In  general, 
and  for  the  range  of  application  where  perfect  yas  assumptions 
are  valid,  measurement  of  any  throe  of  the  above  four  quantities 
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is  sufficient  to  fully  define  a local  flow  field.  These 
quantities  are  measured  either  directly  as  in  the  measurement 
of  the  total  pressure  behind  a normal  shock  wave  with  s 
Pitot  probe,  or  indirectly  as  in  the  use  of  probes  which 
measure  a local  surface  property  which  relates  to  one  of  the 
above  quantities  through  the  use  of  basic  perfect  gas  flow 
relations.  An  example  of  the  latter  is  the  conical  equilibrium 
temperature  probe  which  is  used  to  infer  the  local  stagnation 
temperature  from  the  measured  cone  recovery  temperature  and 
Mach  number. 

In  nearly  all  cases  the  total- temperature  evaluation  is 
dependent  upon  the  local  Mach  number.  The  Mach  number  is 
generally  obtained  from  the  total  pressure  which  is  measured 
with  a Pitot  probe.  It  is  widely  accepted  that  the  accuracy 
of  the  Pitot  probe  measurements  are  affected  by  three  factors: 

1.  the  distortion  of  the  local  flew  streamlines  about  the 
probe  in  the  vicinity  of  the  wall,  2.  displacement  effects 
due  to  the  integration  of  a nonunifortn  pressure  distribution 
over  the  probe  open  area  which  implies  the  center  of  pressure 
is  different  from  the  probe  geometric  center,  and  3.  viscous 
effects  on  the  probe.  These  influencing  factors  on  the  Mach  number 
evaluation  are  present  in  almost  all  experimental  measurements  and 
should  be  considered  in  the  final  analysis.  These  factors  have 
been  extensively  studied  for  Pitot  probes  (Refs.  1 to  4) . 

Intuitively,  the  same  factors  should  also  apply  to  other  probing 
devices.  However,  in  the  use  of  temperature  probes  the 
influences  of  these  factors  have  not  been  reported  in  as 
much  detail  as  with  Pitot  probes.  The  reasons  are  that 
viscous  effects  are  generally  included  in  the  probe  calibrations 
and,  for  most  applications,  temperature  gradients  in  the 
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boundary- layer  flow  field  are  not  as  severe  as  the  pressure 
gradients  and  do  not  warrant  a displacement  correction. 

Presently  there  are  four  basic  probe  designs  ir,  use 
to  measure  the  total  temperature.  These  are  the  bare  wire 
thermocouple  probe,  the  shielded  thermocouple  probe,  the 
conical-equilibrium  temperature  probe  and  the  combined 
temperature-pressure  probe.  Each  probe  has  its  special  design 
features  and  operational  limitations. 


Bare  Wire  Thermocouple  Probe 


The  bare  wire  thermocouple  probe  generally  refers  to  the 
configuration  shown  in  Figure  1 taken  from  Reference  5.  The 
probe  configuration  developed  by  Yanta  is  essentially  a 
cylindrical  wire  aligned  with  its  axis  normal  to  the  flow 

oUccuTiiiiico*  iTuo  wuc  ib  maue  ui  lw u MKali  uttruttu* 

couple  wires  welded  together  to  form  a thermocouple  junction 
at  the  center.  Consequently,  the  instrument  senses  the  wire 
temperature  at  its  center.  The  stagnation  temperature  is 
deduced  from  a heat-balance  equation  and  empirical  expressions 
for  convective  heat  transfer  to  a cylinder  in  cross  flow  as 
derived  in  Reference  6.  These  computations  include 
corrections  for  Mach  number  and  viscous  effects  and  wire 
support  conduction  losses.  The  application  of  bare  wire 
probes  to  hypersonic  flow  further  necessitates  corrections 
for  radiation.  I.  Beckwith  et  al.  in  Reference  4 and 


V*  ^ ^ W **  m a*  M i #1  * M .4  la  M n 4>  1 m m a m <1  i ■ a 4.  a 
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radiation  in  addition  to  the  conduction  losses. 


Due  to  the  small  dimensions  of  the  bare  wire  probe,  its 
application  is  ideally  suited  to  boundary  - layer  investigations 
because  measurements  can  be  made  very  close  to  the  wall. 
Because  of  the  small  mass  of  the  wire,  the  probe  also  has  a 
relatively  fast  response  time  in  comparison  to  the  other 

probes  discussed  herein. 
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The  limitation  of  this  probe  relates  to  the  aerodynamic 
loading  of  the  wire  at  high  Reynolds  numbers.  Early  probe 
designs  required  large  ratios  of  wire  length  to  diameter 
to  minimize  conduction  losses.  A wire  length  to  diameter 
ratio  between  100  and  200  was  generally  used.  This  large 
ratio,  together  with  the  small  wire  diameter,  usually  resulted 
in  a wire  breakage  due  to  high  aerodynamic  loading.  Con- 
sequently, the  probe  was  used  only  in  relatively  low  dynamic- 
pressure  flows.  This  large  length-to-diameter  ratio  is  no 
longer  a stringent  requirement  in  probe  designs  where  wire 
support  temperatures  are  monitored  to  provide  an  accurate 
correction  for  the  enu  losses  (St"  References  5 and  8).  As 
an  alternate  means  of  overcoming  the  difficulties  at  the 
high  dynamic  pressures,  H.  □.  Harris,  Reference  9,  used 
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10.  In  this  arrangement,  the  thermocouple  wires  are  mounted 
on  the  thin  leading  edge  of  a vedge-3haped  probe-tip  made  of 
a heat-insulating  material. 

Shielded  Stagnation  Temperature  Probe 


The  basic  design  of  a shielded  stagnation  temperature 
probe  is  shown  in  Figure  2 as  developed  by  E.  M.  Winkler, 
Reference  1 1,  in  1954.  The  main  advantages  of  this  prr  e 
are  that  the  thermocouple  wire  is  protected  by  a shield  against 
high  dynamic  pressure  loads,  and  that  the  thermocouple  is 
surrounded  by  subsonic  flow.  The  subsonic  flow  in  the 
probe  is  maintained  by  venting  the  air  through  a hole  at  the 
base  of  the  probe  where  the  probe  entrance  area  is  much  larger 
than  the  vent-hole  area.  A sonic  condition  exists  at  the  vent- 
holes on  the  condition  that  the  ratio  of  Pitot  to  static  pressure  is  over- 
critical.  With  a t ixed  vent-hole  opening  the  mass  flow 
inside  of  the  probe  varies  with  the  free-stream  Reynolds 
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number.  This  implies  a change  of  the  convective  heat  transfer 
to  the  thermocouple  junction  and  thUE  a change  in  the  probe 
recovery  factor.  For  this  reason , the  probe  must  be  calibrated 
over  the  range  of  flow  conditions  to  be  investigated. 


Further  improvements  of  shielded  thermocouple  probes  have 
been  made  by  many  experimenters  since  the  early  work  of 
E.  Winkler.  R,  E.  Larson  and  A.  R . Hansen,  Reference  12, 
reduced  the  size  of  such  probes  and  P.  J.  Bontrager, 

Reference  13,  used  a vented  double  shield  to  minimize 
radiation  lossea  at  elevated  temperatures. 

Mass  Flow  Probe 


Since  the  total  temperature  can  be  evaluated  ? rnn  the 
measurements  of  static  pressure,  total  pressure,  and  mass 
flow,  an  ind-re-t  measurement  of  total  temperature  can  be  made 
if  a means  is  found  of  evaluating  these  quantities,  in 
particular,  the  mass  flow.  In  1953,  D.  Coles,  Reference  1, 
proposed  a technique  to  measure  the  mass  flow.  If  the  flow 
is  supersonic,  one  may  visualize  a sharp-edged,  tubular 
probe  with  a sufficiently  low  internal  pressure  to  permit 
the  existence  of  an  attached  shock  system  at  the  entrance 
(See  Figure  3) . The  probe  inlet  area  then  defines  the 
cross  section  area  of  the  stream  tube  entrained  by  the  probe. 

D . Coles  offered  two  methods  to  measure  the  mass-flow  rate. 

In  the  first  method  the  probe  is  discharged  into  an  evacuated 
receiver  for  a measured  time  interval.  The  mass-flow  rate 
is  calculated  from  the  initial  and  final  pressures  and 
temperatures  in  the  receiver.  This  method  was  used 
successfully  by  L,  L.  Lice  ini , Reference  14,  in  a hypersonic 
boundary-layer  flow.  The  major  conclusions  from  Reference  14 
were  that  the  mass  flow  probe  error  increased  as  Reynolds 
number  was  decreased  and  that  a circular  probe  was  more 
satisfactory  than  a rectangular  probe  of  the  same  height. 
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Figure  3 shows  the  second  method  of  evaluating  the  mass  flow 
as  applied  by  R.  J.  stalker  (Ref.  15).  Ir  this  case  a 
calibrated  sonic  metering  orifice,  with  a diameter  larger  than 
the  probe  opening,  is  used  between  the  probe  and  a vacuum  pump. 
Boundary  layer  measurements  using  the  Stalker  mass  flow  probe 
were  carried  out  by  G.  Hovstadius  (Ref.  16).  Practical 
difficulties  encountered  with  the  application  of  this  probe 
appeared  in  the  limited  accuracy  of  the  calibration  procedure 
used  to  get  the  effective  probe  entrance  and  the  sonic  nozzle 
diameters . 

In  using  a mass  flow  probe,  the  total  temperature  is 
inferred  rrom  the  two  quantities:  mass  flux,  pu,  and  the  Mach 

number,  M.  Both  quantities  can  be  obtained  from  the  same  mass 
flow  probe.  The  mass  flux  can  be  determined  fror*  the  mass-flow 
rate  measured  and  an  effective  probe  entrance  area.  The  Mach 
number  can  be  determined  by  disconnecting  the  vacuum  system  from 
the  probe  and  essentially  using  the  probe  as  an  impact  pressure 
indicator.  This,  together  with  a measured  static  pressure,  permits 
the  calculation  of  the  Mach  number  from  the  Pitot-Raleigh  formula. 

The  primary  condition  for  the  probe  to  operate  successfully 
is  that  the  flow  must  enter  the  probe  undisturbed,  i.e.,  the 
stream  tube  captured  by  the  probe  must  have  the  same  cross- 
sectional  area  as  the  probe  entrance.  In  supersonic  flow  this 
condition  can  be  attained  with  a sharp  leading-edge  probe  where 
the  oblique  shock  wave  is  attached  to  the  leading  edge.  In 
subsonic  flow  it  is  difficult  to  define  the  size  of  the  stream 
tube  captured  by  the  probe . 

Combined  Temperature-Pressure  Probe 

The  combined  temperature-pressure  proce,  see  Figure  4,  is 
essentially  a modified  version  of  the  shielded  thermocouple  probe 
where  the  sonic  vent-holes  of  the  shielded  thermocouple  probe 
are  replaced  by  a mass-flow  metering  system.  The  modification 
was  cased  on  the  calibrations  of  shielded  thermocouple  probes 
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where  it  could  be  conclu->  ",  that  the  dependency  of  the  probe 
recovery  factor  on  Reyr  s number  could  be  related  to  the 
mass  flow  through  the  probe.  A detailed  description  of  such 
a probe,  its  calibration,  and  application  for  boundary  layer 
measurements  is  given  in  Reference  17. 

In  order  to  measure  the  mass  flow  through  the  probe,  a 
metering  system  is  used  whereby  orifices  of  known  area  are 
inserted  between  the  probe  and  a vacuum  pump.  The  mass  flow, 
and  therewith  the  convective  heat  transfer  to  the  thermocouple, 
is  controlled  by  the  size  of  the  metering  orifice.  The  orifice 
size  is  selected  such  that  a sonic  velocity  is  assured  at  the 
orifice  and  the  mass  flow  through  the  probe  can  be  determined 
from  the  orifice  open  area  and  the  pressure  and  temperature 
ahead  of  the  orifice. 

One  limitation  of  this  probe  results  from  the  relatively 
long  response  time  required  to  reach  equilibrium  conditions 
when  exhausting  the  probe  through  small  orifices  at  low  probe 
pressures.  Furthermore,  in  this  low  probe-pressure  range 
where  the  Reynolds  number  is  correspondingly  low,  the  relative 
heat  conduction  through  the  probe  thermocouple  leads  can  become 
large  in  relation  to  the  low  convective  heat  transfer  to 
the  thermocouple  and  a calibration  has  to  be  established 
for  low  mass  flow  rates.  One  advantage  of  the  probe  is  that 
it  is  particularly  adaptable  to  measurements  in  complex  flow 
fields  because  both  the  Pitot  pressure  and  stagnation  temperature 
can  be  measured  consecutively  at  the  same  spacial  location. 


Conical  Equilibrium  Temperature  Probe 


The  conical  equilibrium  temperature  probe  as  developed  by 
J.  E.  Danberg,  Reference  18,  consists  of  a sharp,  smell 
angled  cone  of  low  emissitivity , high  conductivity  metal 
supported  by  a thermal  insulator  (See  Figure  5) . The  cone 
temperature,  measured  with  a thermocouple  imbedded  in  the 
base  of  the  cone,  is  assumed  to  be  the  recovery  temperature 
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of  the  cone.  Comprehensive  calibration  measurements  endorse 

a cone  recovery  factor  calculation  based  on  a laminar  boundary 

1/2 

layer  flow  assumption,  i.e.,  r = (Pr)  ' when  radiation 

P 

losses  are  negligible.  Based  on  this  assumption,  the  total 
temperature  evaluation  is  reduced  to  a minimum  since  only 
the  cone  temperature  and  Mach  number  need  be  evaluated. 

The  limitations  of  this  p*obe  arise  from  the  difficulties 
encountered  in  constructing  probes  of  small  diameter. 

For  this  reason  the  probes  cannot  measure  as  close  to  the 
surface  in  a boundary  layer  as,  say,  the  bare  wire  probe. 
Because  of  the  relatively  large  mass  of  the  cone,  temperature 
response  is  also  relatively  slow  and  such  a probe  is  not 
suitable  in  a short  duration  flow  facility. 

Table  1 summarizes  the  applications  and  limitations  of 
the  various  probes  discussed.  The  chart  should  be  useful 
in  determining  a particular  probe's  usefulness  and  application. 

COMPARATIVE  PROBE  MEASUREMENTS 


Test  Program 

It  has  been  an  acceptable  practice  to  demonstrate  the 
feasibility  of  a new  probe  design  by  comparing  the  results 
of  the  new  design  against  the  results  from  an  established 
design  in  a well-defined  flow  field.  Such  was  the  case  in 
the  conical  equilibrium  temperature  probe  - shielded  thermo- 
couple probe  comparison.  Reference  18,  and  in  the  fine-wire 
stagnation  temperature  probe  - conical  equilibrium  temperature 
probe  comparison,  Reference  5. 

The  present  report  shows  the  results  of  a comparison  between 
the  combined  temperature-pressure  probe  and  the  conical 
equilibrium  temperature  probe.  The  comparison  was  made  in 
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the  Naval  Ordnance  Laboratory  Boundary  Layer  Channel  on 
the  no22le  wall  turbulent  boundary  layer  flow  at  Mach  number 
4.9  for  zero  and  moderate  wall  heat-transfer  conditions. 

Teut  Facility 

The  experiments  were  performed  in  the  NOL  Boundary  Layer 
Channel,  Reference  19,  shown  in  Figure  6.  The  supersonic 
half-nozzle  has  for  one  wall  a flat  copper  test  plate,  2690  mm 
long,  along  which  the  boundary  layer  measurements  were  made. 

The  opposite  wall  consists  of  an  adjustable  flexible  plate 
which  was  contoured  to  produce  a Mach  4.9  zero-pressure-gradient 
flow  over  the  flat  test  plate  beginning  at  1397  mm  downstream 
of  the  nozzle  throat.  The  comparative  boundary-layer  stagnation 
temperature  surveys  were  made  at  two  locations  along  the 
test  plate,  corresponding  to  1700  and  2060  mm  downstream  of 
the  nozzle  throat.  The  facility  was  operated  at  supply 
pressures  of  1,  5,  and  10  atmospheres  and  at  a supply 
temperature  of  3409K  for  the  adiabatic  wall  runs  and  420°K 
for  the  moderate  heat-transfer  runs.  The  wall  temperature 
downstream  of  the  nozzle  throat  region  was  held  constant 
through  the  test  runs  by  cooling  the  copper  test  plate  with 
water.  The  test  conditions  are  outlined  in  Table  2.  Since 
the  experimental  arrangement  and  test  procedures  used  in 
this  study  were  similar  to  previous  boundary-layer  investigations 
in  this  facility.  Reference  2 should  be  consulted  for  further 
information  concerning  the  facility,  test  procedure,  and 
boundary -layer  characteristics. 
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The  boundary-layer  profile  surveys  were  made  by  simul- 
taneously traversing  the  combined  temperature-pressure  probe 
and  the  conical  equilibrium  temperature  probe  through  the 
boundary  layer  in  a double-probe  support  configuration  as 
shown  in  Figure  7.  Each  traverse  was  made  from  the  free 
stream  towards  the  plate  with  a maximum  movement  of  11 
centimeters.  Data  were  recorded  with  the  probes  at  rest  and 
only  when  the  probe  pressures  and  temperatures  were 
observed  to  have  reached  equilibrium  conditions.  The  local 
Pitot  pressure  was  measured  with  the  combined  temperature- 
pressure  probe.  The  local  total  temperature  through  the 
boundary  layer  was  measured  with  both  the  combined  temperature- 
pressure  probe  and  the  conical  equilibrium  temperature 
probe.  Since  the  temperature  probes  were  not  of  the  same 
diameter  nor  mounted  exactly  at  the  same  distance  from 
the  wall,  the  cone  probe  temperature  data  were  interpolated 
to  the  location  of  the  combined  temperature-pressure  probe. 

This  allowed  for  the  computation  of  all  boundary- layer 
parameters  at  the  same  y location. 

Data  Reduction 


The  local  Mach  number  was  calculated  from  the  measured 
Pitot  pressure  using  the  Rayleigh-Pitot  formula  or 
Bernoulli's  equation  depending  on  the  Mach  number  range. 
The  computations  were  based  on  the  assumption  of  uniform 
static  pressure  through  the  boundary  layer  with  the  static 
pressure  equal  to  the  wall  pressure. 
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The  local  stagnation  temperature  through  the  boundary 
layer  was  calculated  from  the  following  equation: 


r + ( — tU- 

p 1 * z?  «p2> 


where  Tp  is  the  measured  probe  thermocouple  temperature , 
is  the  probe  recovery  factor,  and  Mp  is  the  probe  reference 
Mach  number.  For  the  conical  equilibrium  temperature  probe 
the  recovery  factor  was  equal  to  Pr1^*  assuming  laminar 
flow  over  the  probe  tip.  The  probe  reference  Mach  number  was 
assumed  equal  to  the  cone  Mach  number  as  determined  from  cone 
flow  equations.  For  the  combined  temperature-pressure  probe, 
the  probe  reference  Mach  number  was  equal  to  the  local  Mach 
number  and  the  probe  recovery  factor  was  obtained  from  a cali- 
bration of  rp  versus  the  mass  flux  through  the  probe.  This 
calibration  was  obtained  with  the  probe  in  the  free  stream 
for  a limited  range  of  probe  mass  flux  conditions.  The  calibration 
is  discussed  in  the  next  section.  The  local  recovery  factor 
of  the  combined  temperature-pressure  probe  was  computed  for 
each  location  in  the  boundary  layer  from  the  measured  mass 
flow  rate  at  that  location.  Finally,  the  local  static 
temperature,  T,  was  obtained  from  the  measured  total 
temperature  and  Mach  number  using  the  isentropic  relation 


NOLTft  74-10 


1 

t 

Combined  Temperature-Pressure  Probe  Recovery  Factor  Calibration  \ 

3 

Using  the  experimental  arrangement  shown  in  Figures  4 I 

and  7,  the  calibration  of  the  combined  temperature-pressure  i 

probe  was  made  with  the  probe  located  in  the  free-stream 
flow  of  the  Boundary  Layer  Channel.  The  free-stream 
stagnation  temperature  was  assumed  equal  to  the  tunnel 
supply  temperature  and  a correlation  of  the  probe  temperature 
and  stagnation  temperature  was  evaluated  in  terms  of  the  probe  ■ 

recovery  factor,  rp,  in  the  form: 


where  is  the  measured  probe  temperature,  Tq,  the  tunnel 
supply  temperature,  and  Ta  the  freestream  static  temperature. 

The  mass  flux  through  the  probe  was  evaluated  for  each 
point  in  the  calibration  by  exhausting  the  flow  in  the  probe 
through  sonic  orifices.  Because  of  this  sonic  condition  at 
the  orifice,  the  mass  flux  could  be  calculated  from  the 
measured  pressure  and  temperature  immediately  ahead  of  the 
orifice,  P ^ and  T^,  and  the  effective  diameter  of  the 
orifice,  dA,  from  the  relation: 
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Recovery  '‘actor  measurements  were  made  for  a range  of  mass 
flux  conditions  by  passing  the  probe  exhaust  through  orifices 
of  differing  diameter.  A range  of  mass  flow  rates  from  2 x 10" 
to  7 x 10  6 kg. /sec.  was  attained  by  exhausting  through 
orifices  with  geometric  diameters  of  0.155,  0.190,  0.246, 

0.272,  and  0.325  mm.  Values  of  the  geometric  orifice 
diameter  were  used  in  this  data  reduction.  In  Reference 
20,  the  effective  nozzle  diameters  were  evaluated  and 
used  in  a similar  date  reduction  procedure.  This  refinement 
had  reduced  the  scatter  in  the  calibration  data. 


The  recovery  factor  calibration  was  obtained  for  a 
constant  tree-stream  Mach  number  of  4.9  over  a range  of 
free-stream  Reynolds  number  conditions.  The  tunnel  supply 
pressure  ranged  from  1 to  10  atmospheres  and  the  supply 
temperature  was  340° K and  420°K.  The  results  of  the  probe 
recovery  factor  calibration  are  shown  in  Figure  8,  together 
with  a least  square  polynomial  curve  fit  of  the  data  in 
the  form 


r 


P 


(i-1) 


Where:  a = 


0.32240  x 106 
0.981030 

0.062327 

-0.185030 

0.217070 


(6) 
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Results  of  the  Comparative  Probe  Measurements 

The  data  described  in  the  text  of  this  report  are 
documented  in  the  tables  of  Appendix  B.  The  nomenclature 
used  in  this  computerized  tabular  output  is  defined  in 
Appendix  A. 

Several  considerations  are  worth  commenting  on  at 
this  time  concerning  the  data  documentation.  First,  the 
free-stream  stagnation  temperatures  measured  with  the  conical 
equilibrium  and  the  combined  temperature-pressure  probe  are 
seen  to  differ  slightly  for  any  particular  test  run.  The 
main  reason  for  this  difference  relates  to  the  variation  of 
the  tunnel  supply  temperature  between  the  time  the  two 
temperature  measurements  are  made,  i.e.,  the  conical 
equilibrium  probe  temperature  is  measured  at  the  time  tie 
Pitot  pressure  is  measured  while  the  combined  temperature- 
pressure  probe  temperature  is  measured  at  a slightly  later 
time  when  the  probe  is  being  vented.  Because  of  possible  variation 
in  the  tunnel  supply  temperature  and  the  time  lag  between  subsequent 
temperature  probe  measurements , the  local  stagnation  temperature 
through  the  boundary  layer  was  non-dimensionalized  to  the 
simultaneous  free-stream  stagnation  temperature.  All  comparisons 
of  temperature  data  are  made  in  terms  of  the  stagnation 
temperature  ratio  rather  than  the  absolute  temperature. 

It  can  be  noted  that  for  y distances  of  less  than  0.75  mm, 
no  temperature  data  are  presented  for  the  conical  equilibrium 
temperature  probe  because  of  the  larger  probe  size  and  its 
inability  to  measure  as  close  to  the  wall  as  the  combined 
temperature-pressure  probe.  And  finally,  it  must  be  pointed 
out  that  no  viscous  flow  or  probe  wall  interference 
corrections  are  made  to  the  Pitot  pressure  data.  These 
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effects  are  present.  However,  their  influence  is  restricted 
to  low  Reynolds  mother  data  and  data  very  close  to  the  wall. 

Because  these  regimes  are  associated  with  the  low  Mach  number 
data  for  these  tests  the  effect  on  the  temperature  evaluation 
is  minimal  as  can  be  deduced  from  equation  (1)  as  M approaches  0. 

Comparisons  of  the  measured  stagnation  temperature  profiles 
obtained  with  the  conical  equilibrium  temperature  probe  and 
the  combined  temperature-pressure  prob^  are  presented  in 
Figures  9 to  12  for  the  two  stations  and  two  heat-transfer 
conditions.  Agreement  in  stagnation  temperature  between  the  two 
probing  techniques  is  good  with  a maximum  deviation  in 
stagnation  temperature  measurement  of  the  order  of  2 percent. 

The  percent  deviation  in  temperature  measurement  are 

shown  in  Figure  13  as  a function  of  distance  from  the 

well.  The  emount  of  data  scatter  in  terras  of  temperature 

deviation  appears  to  be  equal  between  the  data  with  and  without 

heat  transfer.  However,  the  deviations  appear  to  be  greatest 

in  the  inner  portion  of  the  boundary  layer  where  the  Reynolds 

number  is  low.  Under  these  conditions,  the  application  of  both 

probing  techniques  needs  further  qualification.  It  should  be 

noted  that  the  data  reduction  procedure  used  in  Reference  20 

led  to  smaller  differences  (*i  percent)  between  the  two  temperature 

measurements. 

In  proximity  to  the  wall  where  the  velocity  and  temperature 
gradients  are  the  strongest,  both  probes  exhibit  averaging 
or  displacement  effects.  Viscous  interaction  effects,  as 
previously  discussed,  are  predominant  in  this  low  Reynolds 
number  regime.  The  conical  equilibrium  temperature  probe  data 
in  the  vicinity  of  the  wall  could  be  influenced  by  the 
interaction  and  possible  reflection  of  the  cone  shock 
wave  with  the  wall.  The  combined  temperature-pressure 


i 


15 


NOLTR  74-10 


[' 

i 

L. 


I 


j 

i 

i 


f 


i 


probe  data  need  further  examination  because  the  exhausted  mass 
flow  rates  through  the  probe  were  very  low  at  the  low 
Reynolds  number  conditions.  Figure  14  shows  the  range 
of  mass  flow  rates  experienced  in  the  boundary  layer 
profiles  presented  in  this  report.  It  is  observed  that 
for  the  low  Reynolds  number  tests  (P0  * 1 atm.),  the 
probe  recovery  factor  had  to  be  d«  mined  almost  exclusively 
from  the  extrapolated  portion  of  the  curve  fit.  At  these 
low  probe  mass  flow  rates,  it  is  questionable  whether  the 
probe  recovery  factor  is  a function  of  the  exhausted  mass 
flux  alone.  By  plotting  the  percent  deviation  in  total 
temperature  as  a function  of  the  exhausted  mass  flux  through 
the  combined  temperature-pressure  probe  (See  Figure  15),  it 
can  be  seen  that  the  percent  deviation  in  total  temperature 
measurement  becomes  larger  with  decreasing  mass  flux.  It  is 
still  uncertain  whether  this  trend  is  due  to  conduction  losses 
on  the  temperature-pressure  probe  thermocouple  or  due  to  any 
one  of  the  other  previously  mentioned  effects  on  the  cone 
probe  temperature. 


CONCLUSIONS 


Probes  used  to  measure  stagnation  temperature  distributions 
in  supersonic  and  hypersonic  turbulent  boundary  layers  are 
discussed.  Limitations  and  applications  of  each  probe  are 
indicated. 

Comparative  probe  measurements  with  the  conical  equilibrium 
temperature  probe  and  the  combined  temperature-pressure  probe 
lead  to  the  following  results*. 
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The  average  differences  between  the  measured  stagnation  temper- 
atures ir  the  Mach  5 supersonic  turbulent  boundary  layers  with  and 
without  heat  transfer  were  in  the  range  of  ± 1.0  percent. 

At  very  low  Reynolds  numbers  close  to  tne  surface  the 
deviations  increased  to  about  2 percent. 

The  conical  equilibrium  temperature  probe  is  distinguished 

by  its  simple  calibration,  where  the  recovery  factor  can 

be  assumed  constant  (r  ■ (Pr)1^2).  Due  to  the  relatively 

P 

large  probe  size,  measurements  could  not  be  obtained  very 
close  to  the  wall. 

The  combined  temperature-pressure  probe  enables  one 
to  measure  at  one  position  of  the  probe  the  local  stagnation 
temperature  and  total  pressure.  This  can  be  important 
if  complex  flow  fields  are  to  be  studied.  Due  to  its 

smaller  diameter,  measurements  closer  to  Lhe  surface 

could  be  made. 

* 

(Although  these  investigations  yielded  a good  agreement, 
further  work  should  be  undertaken  to  better  classify  and 

{define  the  apparent  discrepancies  at  low  Reynolds 

numbers  and  in  the  vicinity  very  close  to  the  wall. 
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LIST  OF  SYMBOLS 


m 

M 

M 

P 

P 

Pr 


r 


R 

Re 


sonic  metering  orifice  diameter 

probe  entrance  diameter 

mass  flux  through  probe 
Mach  number 

probe  reference  Mach  number 
pressure 

Prandtl  num  m for  air,  0.72) 
static  pressure 

Pitot  pressure 

boundary  layer  recovery  factor 

#*,i  „ »p 

probe  recovery  factor,  = 

t 

gas  constant 

PWUK 

Reynolds  member  per  meter,  — 


T temperature 

u velocity 

x stream, wise  distance  from  nozzle  throat 

y distance  normal  to  test  plate  surface 


Subscripts 

aw  adiabatic-wall  conditions 

o tunnel  supply  conditions 

p probe  conditions 

t stagnation  conditions 
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Subscripts  (Cont.) 


wall  conditions 

conditions  immediately  ahead  of  sonic 
metering  orifice 

free-stream  conditions 


Abbreviations 


conical  equilibrium  probe 
combined  temperature-pressure  probe 
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TABLE  1 - COMPARISON  OF  TOTAL  TEMPERATURE  PROBES 


Improvement  possible  with  further  development 
Unproved  but  possible 


NUMBERS  AND  TEST  CONDITIONS 
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FIG.  2 SH1CLOE0  THERMOCOUPLE  PROSE  0 0 
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FIG.  3 MASS  FLOW  PROSE  (15) 
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FIG.  6 NOL  SOUNCARY  LAYER  CHANNEL 
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O COMBINED  TEMPERATURE- 
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FIG.  V COMPARATIVE  TOTAL  TEMPERATURE  MEASUREMENTS,  X-1.702,  T yT  -1.0 


31 


NOITR  74*  10 


1.0  p 


0.9  b 


r«o 


0.8 


RUN  )0U  CM  . 
!•*  13.4  X icr 


D O 


^0^ 


□ 


oo 


O o o Oo88§  ° 0 


08 


88 


RUN  108  1 06  . Q □ n n 0 

R«  * 2.6  X 10r  q O O O 

Q ° ® 

O 8 0 


y(c«) 
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O ® 
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RUN  1 06055,  g 
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□ CONICAL  EQUILIBRIUM  PROBE 

0 COMBINED  TEMPERATURE 
PRESSURE  PROBE 


FIG.  11  COMPARATIVE  TOTAL  TEMPERATURE  MEASUREMENTS,  X = 1.702,  WT  - 0.8 
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10  ATMS 


FIG.  15  PERCENTAGE  DEVIATION  IN  COMPARATIVE  IOTAL  TEMPERATURE  MEASUREMENTS  AS  A FUNCTION 
OF  EXHAUSTED  MASS  FLUX 


The  nomenclature  used  in  tl 
is  defined  as  follows: 


0 

Dh 

DEL 

DSTR 

M 

ME 

PO 

PS 

PSW 

RE 


* P 


■ P„ 

■ 6 
- 6* 
« M 


- P 


o 


* P 
- P 


s 

sw 


STA 

T 

TE 

TW 

TT 

TIE 

TO 

TH 

THE 


* x 
« T 

“ TQ 
« T. 


THH 


computerized  tabular  output 


■ density 

* f ree-stream  density 

* boundary  layer  thickness 
« displacement  thickness 

“ local  Mach  number 

■ free-stream  Mach  number 

* tunnel  supply  pressure 

* local  static  pressure 

* local  wail  static  pressure 

* frec-strcam  Reynolds  number 
per  meter 

* axial  station 

■ static  temperature 

= free-stream  static  temperature 

* wall  temperature 

= stagnation  temperature 
= free-stream  stagnation  temperature 
= tunnel  supply  temperature 
= momentum  thickness 
= energy  thickness 
= enthalpy  thickness 


NOLTR  74-10 


I 


» velocity 

« free-strean  velocity 

* axial  distance  in  flow  direction 
neasured  from  nozzle  throat 

* distance  normal  to  flat  plate 
surface 

The  units  used  in  the  computerized  tabular  output  conform 
to  the  International  Standard  of  Units  (Ref.  A-l)  and  are 
defined  as: 

ATM  * atmospheres 

CM  ■ centimeters 

DHG.K  = degrees  Kelvin 

KG/M3  = kilograms  per  meter  cubed 

M = meters 

M/S  * meters  per  second 

N/M2  - newtons  per  meter  squared 

Two  symbols  are  used  in  the  profile  data  listing  and  are 
defined  as: 

* - denotes  boundary- layer  thickness,  6,  where 

u/ u = 0.99S 

QO 

**  = denotes  free-stream  location 

Reference 

A-l  Mechtly,  E.  A.,  "The  International  System  of  Units." 

NASA  SP-7012 
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AmNOix  e 

TABULAA  DATA 


NOt  BOUNOASV  t AYE*  CHANNEL  PROFILE  OATA 


RUN  NO.  108051 


CONICAL  EOUIL  tBPlUM  TEMPERATURF  PROBF 


STA 

a 

1.7  02E ♦ 00 

M£ 

a 

*.788E»00 

OfL 

X 

4.735F  *00 

CM 

PO 

a 

1 • 030E *06 

N/M2 

OF 

s 

1.379F-01 

*G/m3 

ostb 

a 

1 . 751  £ *00 

CM 

TO 

a 

3.3B1E*02 

OEG.* 

Tf 

a 

6.0S3E  *01 

0F6.K 

th 

a 

1.743F-Q1 

CM 

PS* 

a 

?.363t*03 

N/M? 

tit 

a 

?.*68t*0? 

N/S 

The 

a 

3.177E-01 

CM 

TW 

a 

2.959£*02 

OEO.* 

Rf 

a 

2.562E*07 

1/M 

Tmh 

a 

4.1536*0? 

CM 

N 

V (CM) 

M 

TT/TTE 

0/()fc 

t/te 

U/Uf 

1 

0.0000 

0.0000 

.8753 

.2045 

4.8890 

0.0000 

2 

.0305 

.8869 

-- 

mm 

mm 

3 

.0813 

1.0380 

.90*0 

.2407 

4.15*3 

.441* 

4 

.111* 

1.3021 

.9160 

.2617 

3.8210 

.5316 

5 

. 1055 

1.5331 

.9167 

.287* 

3.4791 

.5972 

6 

.2743 

1.7165 

.9168 

.3104 

3.2221 

.6435 

7 

.5410 

2.0293 

.9284 

.3516 

2.843* 

.7147 

H 

.7890 

2.2986 

.9401 

.3917 

2.5528 

.7671 

0 

1.0846 

2.6250 

.9551 

.4458 

2.2*32 

.*211 

10 

1.5011 

3.0853 

.9712 

.5353 

1.8683 

.6807 

11 

1.9634 

3.542: 

• 9«28 

.639* 

1.56*0 

.9252 

1? 

2.4460 

3.9*49 

.9900 

.7*37 

1.34*7 

.9554 

1.3 

3.4417 

4.44T3 

.9959 

.8909 

1.122* 

.98*0 

« 14 

4.7346 

4.7119 

.9992 

.9748 

1.0259 

.9967 

15 

6.1169 

4.7688 

.9991 

.994? 

1.0058 

.9988 

44  16 

7.3889 

4.7883 

1.0000 

1.0000 

1.0000 

1 .0000 

17 

6.2779 

4.8222 

1.0006 

1.0111 

.9890 

1.0015 

1" 

8.9383 

4.84*9 

.9992 

1.0203 

.9801 

1.0017 

B-1 


) 
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;j 
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i 


« 
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NMXnt  74-10 


MOt  BtHJHOAHY  L47ER  CHANNEL  PROflLE  DAIA 


»U*  *0.  10(161 


coftsiMco  temperature "Pressure  prose 


STA  * 1.7C2E*00 
PO  > ].030E*06  M/ml 
70  ■ 3.374E«02  OCO.K 
PS»  ■ i. 363E»03  M/Mi 
tH  ■ 2.951C*02  DC0.K 


*€  « 4.700C*OO 
0€  • 1.302E-O1  K6/M3 
TE  ■ 6.04 1E*01  DES.K 
ue  ■ 7.46 IE *02  M/s 
*£  ■ 2.57tC*07  1/m 


OCL  » 4*7361*00  CM 
OSTR  ■ ] .7461*00  CM 
7H  ■ 1.786E-01  CM 
THE  » 3.2S6E-01  CM 
TMM  ■ 6.0001*02  CM 


1 

2 

3 

4 

5 

6 
7 
0 
9 

10 
11 
12 
13 
• 14 
IS 

••  16 


0.0000 
• 030S 
.0013 
.1118 
.1056 
.2743 
.5410 
.7099 
1.0046 
1.5011 
1.9634 
2.4460 
3.4417 
4.7346 
6.1109 
7.3609 
0.2779 
0.9303 


0.0000 

.0059 

1.0360 

1.3021 

1.5331 

1.7165 

2.0293 

2.2909 

2.6250 

3.0653 

3.5425 

3.9449 

4.4473 

4.7119 

4.7600 

4.7083 

4.0222 

4.8449 


TT/TTE 

.0746 

.9060 

.9069 

.9127 

.9125 

.9170 

.9295 

.9372 

.9479 

.9620 

.974] 

.9047 

.9954 

.9999 

.9996 

1.0000 

1.0007 

1.0005 


.2047 
.2206 
.2399 
.2627 
• 2084 
.3100 
.3512 
.3929 
.4492 
.5404 
.6451 
.7477 
.0914 
.9741 
.9935 

1.0000 
1.0110 
1.0191 


4.0050 

4.3743 

4.1676 

3.0069 

3.4669 

3.2257 

2.0470 

2.5451 

2.2264 

1.0504 

1.5502 

1.3374 

1.1219 

1.0265 

1.0066 

1.0000 

.9092 

.9013 
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nol  BOuNoa^Y  iav£u  channel  PROFILE  Data 
BUN  NO.  I 080S2  CONICAL  EQUlL 1BBIUN  TENP{» ATUHE  PROHF 


STB  • 1 . T02E *00 
PO  » S.  164E  *05  N/**2 
TO  » 3.380E  *02  0EG.<c 
PSN  « 1.196£*03  N/N? 
Tn  « 2 . 964E ♦ 02  0EG.K 


NF  * 4.831F«00 
OF  a 6.9T4E-0?  KG/M3 
TF  * 5.966E»01  nFG.K 
UE  * ?.479F»Q2  “/S 
»F  * 1.320F  *07  1/M 


DEL  * S.646F*00  CN 
GSTB  « 7.055E*00  CN 
Th  * 7.Q09F-01  CN 
The  a 3.652E-01  CM 
thh  « *.«*of-02  c“ 


i 


1 


N 

Y«CN» 

N 

1 

0.0000 

0.0000 

2 

.0306 

.6208 

3 

.04N3 

.9123 

4 

.0991 

1.2413 

s 

.2134 

1 .4648 

6 

.3277 

1.6739 

7 

.7214 

2.06(2 

4 

1.2807 

2.5474 

9 

1.9406 

3.2204 

to 

2.6426 

3.7661 

51 

3.1877 

4.1691 

12 

3.69S7 

4.4126 

n 

4 .4424 

4.6964 

14 

6.1106 

4.6967 

• 14 

6.6464 

4.7466 

16 

6.487? 

4.7687 

IT 

7.6840 

4.7934 

• • I X 

8.4773 

4.8306 

TT/T1F 

O/DE 

T/TE 

.8737 

.7020 

4. 96U 

m m 

-- 

mm 

- - 

«.» 

a. 

.9210 

.7645 

3.9290 

.921? 

.2777 

3.6676 

.9746 

.2979 

3.3572 

.9313 

.3606 

2.8630 

.9644 

.4376 

2.3122 

.97  24 

.5674 

1 .7929 

.98*9 

.6672 

1.4662 

.9907 

.7973 

1.264 2 

.9966 

.8674 

1.1528 

.9969 

.9246 

1 . 08  IS 

.9969 

.9666 

1.0463 

.9976 

.9737 

1.0270 

.9979 

.9817 

1.0192 

.9963 

.9890 

1.0111 

1.0000 

1.0000 

1.0000 

U/UE 

0.0000 


.5268 

.6349 

• 720  f 
.8145 

.8927 

.9403 

• 96fi6 
.Yfioa 
»9H93 
.9943 
.9966 
.9966 
.9978 

1.0000 
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NOITI  74*10 


MOi  80VN0ABY  LAYER  CHANNEL  BBOflLE  OATA 
00*4  NO.  10*032  CO*i#t NED  TEhBERATUB£-PBESSUB£  PB08C 


STA 

■ 

1.702£*00 

ME 

a 

4 

.6317*00 

0€L 

a 

S.646C*00 

CM 

BO 

a 

5.1647*05 

N/N2  0£ 

a 

6 

.9567-02 

KG/M3  OSTR 

a 

7.05*7*00 

CM 

TO 

a 

3.389002 

0E8.K  TC 

a 

5 

. 9S1E*  0 1 

DEO 

,K  TM 

a 

2.0227-01 

CM 

PSN 

a 

1.195003 

N/M2  UE 

a 

7 

. 409E*  02 

M/S 

THE 

a 

3.673E-01 

CM 

Ttf 

a 

2*969002 

0C8.K  BE 

a 

i 

.3147*07 

l/K 

Thh 

a 

5.1387-02 

CM 

N 

Y<CM) 

N 

TT/TTE 

O/OE 

T/TC 

u/uc 

1 

0.0000 

0.0000 

.8734 

.2020 

4.9493 

0 

.0000 

2 

.0305 

.6208 

.8965 

.2120 

4.7146 

.2791 

3 

.0483 

.9123 

.9103 

.2261 

4.4235 

.3972 

* 

.0991 

1.2813 

.9160 

.2559 

3.9076 

.5243 

3 

.2134 

1.4547 

• 91  47 

.2746 

3.6417 

.5747 

6 

• 3277 

1.0739 

.9199 

.2993 

3.3406 

.6334 

T 

.7214 

2.0612 

.9300 

.3510 

2.8492 

.7203 

8 

1.2802 

2.5874 

.9500 

.4341 

2.3035 

.6130 

0 

1.9406 

3.2204 

.9700 

.5593 

1.7860 

.8915 

10 

2.5425 

3.7650 

.9806 

.6901 

1.4490 

.9382 

it 

3.1877 

4.1692 

.9919 

.7864 

1.2556 

.9671 

12 

3.6957 

4.4125 

.9962 

.8670 

1.1534 

.9011 

13 

4.4425 

4.5954 

.9982 

.9235 

1.0829 

.9900 

n 

5.1105 

4.6957 

.9983 

.9563 

1.0456 

.9940 

• 15 

5.6444 

4.7457 

.9979 

.9734 

1.0273 

.9958 

16 

6.4372 

4.7688 

.9968 

.9803 

1.0201 

• 9971 

IT 

7.6860 

4.7934 

.9995 

.9879 

1.0123 

.9984 

••  10 

8.8773 

4.8305 

1.0000 

1.0000 

1.0000 

1 

.0000 
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8119  40.  I 0 8 0 6 .3 


ST*  ■ 1 .70?r  *00  “» 

80  ■ 1 . 00*f  * 05  9/*2 
TO  * 3.3*<2E*02  OF(i.«  Tf 

o%4  « ?.44lt*0?  4/*2  UF 

Tw  « 2.9*?f»02  OfG.K  *F 


40L  f*OH40*«*Y  l*Y£»  Y>*44£l  P4GFU.F  0*T* 

C04 IC  *1  fUUtLta«IUM  T£-F»F*»»TUH£  P(»0«t 


*.785F*00  ofl 

1,  *441-07  •(«/*•*  OST** 

6 .06  If  * 0 1 flFG.K  TM 

7.468f*07  •*/$  TH» 

2,6*4»  *04  \/<*  THH 


?.175F»00  r*» 
?.5*7F»on  r« 
7.547E-01  r* 
4.624F-01  C“ 
4.667f-02  r“ 


X 

y <C*o 

M 

TT/Tlf 

O/OF 

T/Tf 

U/UF 

1 

0.0000 

O.0000 

.66(8 

.2037 

4.9204 

0.0000 

? 

• 030*» 

.4959 

-- 

• m 

m m 

3 

.0457 

.SI  is 

- - 

* 

,1321 

.9789 

.91  75 

.2290 

4 . 366 1 

.4  056 

S 

.a***1# 

1 .35*9 

.9402 

.2610 

3.8312 

.555* 

f i 

. IF.  1 0 

1 .5*64 

.9440 

.2*57 

3.5067 

.6708 

7 

.5309 

1.7700 

.94*9 

.3031 

3.799H 

.654  3 

u 

. 6»«3 

1.6851 

.9454 

.3*47 

3.0844 

.691* 

9 

1.0710 

2.1727 

.9424 

.3614 

7. 7657 

.7377 

10 

l .600? 

2.51SQ 

.95*7 

.4244 

7.3555 

.6066 

| | 

2.  o'iiO 

r.  «5S7« 

.495? 

2.019* 

1*5*4 

1? 

3.1300 

.9743 

.5919 

1 .6894 

.9046 

1 1 

3. 197* 

3.6900 

.9*03 

.#.*09 

1.4606 

.9347 

l* 

3.PS32 

4.0975 

.99*3 

. 79«3 

1.2653 

.9637 

l» 

4.341* 

4.3039 

. 9905 

.0513 

1.1747 

.97*8 

1*. 

S . 0 7 7*» 

*.4991 

.9930 

.91  1? 

1.0975 

.9850 

1 7 

4.  1445 

4.6790 

.9960 

.9661 

1.0330 

.9939 

* 1 * 

7.1754 

4.7329 

. 9904 

.9837 

1.01*5 

.097? 

14 

H . 1 38? 

4.7542 

.99911 

.990* 

1.0097 

.996  3 

«♦  ?1 

9.044V 

4.7052 

1.0000 

1 .0000 

1 .0000 

1.0000 

i: 
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MOL  OOUNOARt  L4YCR  CMANNfL  RROftLC  DAT* 

RUM  NO.  101053  COMtlMEO  TEMfCRATURC-RRI S*U«t  PROOC 


STA 

• 

1 .7021 *00 

■ 

4,?05£«00 

0«L 

• 

7.1 76C  *00 

CM 

00 

• 

i.oo«e*os 

M/H2  DC 

■ 

1.441E-02 

«G/M3  OSTR 

■ 

2.56 1C  *00 

CM 

TO 

« 

3.3961*02 

TXO.K  TC 

• 

4.0V4C*01 

ore 

.K  TH 

• 

;.6m*«i 

CM 

OSV 

ft 

2 <44 1C  *02 

N/M2  Uf 

• 

7.4011.02 

M/S 

tnc 

• 

4.727C-01 

CM 

TV 

II 

2.9T6C*02 

OCG.M  <C 

• 

2.660C*06 

1/M 

Thm 

■ 

7.076C-62 

CM 

N 

riCNt 

M 

TT/TTC 

o/ot 

T/tC 

u/uc 

1 

0.0000 

0.0000 

.0763 

.2045 

4.0693 

0.0000 

2 

.0305 

.4959 

.0090 

.2115 

4.7279 

.2253 

3 

.0457 

.5115 

.0932 

.2111 

4.7360 

.2326 

4 

.1321 

• 9?<t0 

.9147 

.2297 

4.3527 

.4050 

5 

.2469 

1.3500 

.9261 

.2650 

3.7739 

.5516 

6 

.3010 

1 .5004 

.9319 

.2091 

3.4500 

.6166 

T 

.5309 

1.7297 

.9299 

.3079 

3.2475 

.6510 

a 

.6003 

1.0031 

.9204 

.3002 

3.0200 

.6055 

V 

1.0719 

2.1227 

.9323 

.3655 

2.736! 

.7330 

to 

1.6002 

2.5149 

.9426 

.4306 

2.3221 

.0009 

11 

2.0930 

2.0074 

.9569 

.4996 

2.0015 

,0537 

12 

2.6040 

3.3300 

.9670 

.5959 

1.6703 

.9015 

13 

3.1920 

3.6909 

.9750 

.6046 

1.4606 

.9322 

14 

2.S532 

4.G975 

.4*2* 

. 7941 

1.259* 

.96*4 

15 

4.3536 

4.3039 

.9090 

.0519 

1.1739 

.9745 

16 

5.0TTS 

4.4991 

.9940 

.9103 

1.09«6 

.9055 

IT 

6.1595 

4.6796 

.9977 

.9664 

1.0347 

.9940 

• 16 

7.1755 

4.7329 

.9979 

.9043 

1.0160 

.9969 

10 

0.1302 

4.7542 

.9990 

.9903 

1.0097 

.9964 

• • 20 

9.0449 

4.7052 

1.0000 

1.0000 

1.0000 

1.0000 
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HOL  80H90AHT  LATCH  C**A9NFl  DATA 

HUH  NO.  10810*  CON  t CAL  PaUlLtBHlU**  TC*PF»ATuHC  phobc 


4TA 

* 

2.067F  *00 

Hf 

a 

4.907E.00 

OfL 

a 

S.659F *00 

r« 

PO 

* 

5.1T1F.-0S 

H/M2  Of 

a 

6.836C-02 

*0/9  J flSTP 

a 

2.262E*00 

r« 

TO 

a 

3. 386£*92 

OCO.K  TC 

9 

5 • 825F. 4 0 1 

OFG.K  Th 

a 

2.04/E-01 

r* 

PSD 

a 

1 .1321*93 

8/*2  Ul 

a 

T.S08t*02 

«/5  Tnf 

a 

3.T15E-01 

2" 

Tt) 

a 

2.306F.02 

ocg.a  »e 

a 

1.33SC  *07 

1/H  THH 

a 

3.206F-02 

r* 

N 

V »C*I 

M 

TT/TTE 

D20E 

T/TF 

urn 

1 

0.0000 

0.0000 

.8**4 

.19*4 

5.1*3? 

0.0000 

2 

• 030S 

.8131 

— 

-- 

— 

-- 

3 

. 0508 

1.0033 

-- 

- - 

-- 

*>** 

* 

.0737 

1.2272 

-- 

m m 

M •> 

- - 

5 

.1M6 

1.33S3 

.9329 

.250  1 

3.9992 

.6442 

6 

. 12*5 

1.4013 

.9315 

.2571 

3 .8896 

.5632 

1 

. 1 S?4 

1.4*70 

.9237 

.2641 

3.7666 

.5738 

a 

.1829 

1 .*938 

.9219 

.2697 

3.7073 

.6861 

0 

.2164 

1.5*65 

.9190 

.276* 

3.612* 

. 599m 

in 

.2M6 

t.5982 

.9164 

.2*3* 

3.5277 

.611  7 

1 1 

.3“3s 

1.7180 

.9261 

• 29  S3 

3.3869 

.64*3 

1? 

.566* 

1.8839 

.9276 

.3169 

3.1553 

.68?') 

13 

.8382 

2.1076 

.9408 

• 3*51 

2.8974 

.7311 

1 1* 

I .OTIS 

2.2881 

.9528 

.369* 

2.7071 

.767? 

IS 

1.3259 

2.5029 

,95*9 

.4057 

2.4651 

.8008 

; i* 

1 .67*8 

2.7128 

.9667 

.4386 

2.2791 

.83*6 

, »T 

1.7  755 

2.8912 

.97*2 

.4715 

2.  1207 

.8580 

i t** 

2. 0*9H 

3.1300 

.9796 

.519* 

1.9252 

.88*0 

! to 

2.P70M 

3.3199 

.9923 

• S5S1 

1.8009 

,9079 

i 2" 

2. 5248 

3.6603 

,9*  76 

.6130 

1.631* 

.92*1 

! ?1 

2.8*99 

3.8199 

.99  79 

.6752 

1.4611 

,9*7* 

2? 

3.0836 

4.0267 

.9922 

.7353 

1.3601 

.9570 

1 23 

3.0*72 

4.4389 

.9989 

.8505 

1.1758 

.9809 

i 2* 

* .6*95 

*.62$6 

1 .oo Ji 

, VO  4 4 

1.1050 

.9909 

! ?s 

S.l  1 A 1 

4.7*47 

.9999 

.9*6? 

1.0669 

.99*0 

i • 26 

5.6591 

4.824V 

1.0027 

.9699 

1.0310 

,9984 

: 27 

6.4  110 

4,8706 

.9971 

.9906 

1 .0095 

.997.) 

1 ?« 

6.0317 

4,8817 

.9996 

.9919 

1 .00S? 

,998« 

• •29 

7.68*6 

4.907J 

1.0000 

1 .0000 

1.0000 

1 .0000 

3(1 

8,267/ 

4 . 9 1 6 1 

.997  3 

1 .005** 

. 99*3 

.9990 

; 3i 

H.01S4 

4 .9294 

1.00  18 

1.0057 

.99*3 

1 .0017 
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NO l B0UN0AHY  LAYEB  CHANNEl  PROriLE  OAT A 
RUN  NO.  10014*  COMBINED  TENPERATURE“P8£5SURE  f*»08E 


STA  • 2.057E*00 
PO  • 5.1 7 1E«05  N/N2 
TO  > 3.372E»02  0E6.K 
PSW  *.  1 . 132E  *03  N/N2 
TM  • 2.979E  *02  OEO.K 


MC  * *,407£»00 
OE  * 6 • B66E-02  *G/*3 
T|  » 5.797001  OfO.K 
UE  * 7 . *90E • 02  */S 
BE  « l . 3*5E  *07  1/N 


OEL  « 5.659E»00  C« 
OSTS  « 2.253E*  00  C* 
Tm  « 2.136E-01  C" 
THE  « 3.66*E-01  C** 
Tmm  ■ 5.000E-02  CP 


N 

Y«CN) 

M 

TT/TTE 

O/DC 

T/TE 

U/UE 

1 

0.0000 

0.0000 

.6636 

.19*6 

5.1366 

0.0000 

2 

.0305 

.6131 

.4126 

.2133 

*.6667 

. 3566 

3 

.0506 

1.0033 

.41*9 

.2256 

*.*292 

.*303 

4 

.0737 

1.2272 

.9203 

.2*31 

*.113* 

,5072 

5 

.1016 

1.3353 

,91  7t 

.25*3 

3.9316 

.5396 

6 

.12*5 

1 .*0 1 3 

.9172 

.26.1 

3.6299 

.5589 

7 

.152* 

1 .**70 

.91*9 

.2663 

3.75*5 

. 571  * 

$ 

,1629 

1 « *936 

.9155 

.2716 

3.6615 

• 58*  1 

4 

.216* 

1.5*85 

.9219 

.2760 

3.6238 

.6007 

10 

.2616 

1.5902 

.92*1 

.2611 

3.5571 

• 61*3 

l \ 

.3635 

1.7180 

.9269 

.2950 

3.3696 

.6**6 

\? 

*566* 

1.6639 

.9252 

.3176 

3.1*71 

. 66 1 1 

13 

.6362 

2.1076 

.9396 

.3*55 

2.8V** 

.7307 

14 

1 .0719 

2.2660 

.4*36 

.3730 

2.6609 

. 763* 

IS 

1.3259 

2.5029 

.9560 

.*052 

2. *678 

,6013 

1 S 

1 .57*8 

2.7126 

.9507 

.***? 

2.2510 

.829* 

17 

1.7755 

2.6912 

.966* 

.*7** 

2.1080 

.855* 

i a 

2.0*98 

3,1299 

.9653 

.5271 

1.6971 

.67  65 

19 

2.2708 

3.3200 

.9751 

.5650 

1.7698 

.9001 

20 

2.52*6 

3.5503 

.9605 

.617* 

1.6196 

.9207 

21 

2.6*99 

3.8200 

.96*1 

.68*6 

1 . *606 

.9*08 

22 

3.0636 

*.0267 

.9901 

.7368 

1.3571 

.9560 

23 

3.9*72 

*.*389 

.993* 

• #55? 

1.1693 

• 9762 

24 

*.5695 

*.6256 

.9993 

.9083 

1.1009 

.9891 

2S 

5.1181 

* . 7**6 

.9982 

.9*76 

1.0551 

.9932 

4 26 

5.6591 

*.62*9 

.9987 

.9737 

1.0270 

.996* 

27 

6.*  1 10 

*.6706 

.9977 

.9901 

1 .0  100 

,9975 

26 

6.9317 

*.861 7 

.9962 

.9952 

1.00*8 

. 9972 

• • 29 

7,6666 

*.9071 

1.0000 

1.0000 

1.0000 

1 .0000 

30 

8.2677 

*.9161 

.9976 

1.0055 

• 99*6 

.9941 

31 

8.915* 

a.  9295 

.996* 

1.0112 

,9689 

, 9990 

NOUR  74-10 


NCL  BOUNDARY  LAVE*  CHANNEL  PROFILE  D*TA 
BUN  NO.  108105  CONICAL  FQU1LTBBI-JM  TEMPfPATURE  PWC«E 


ST*  * 2.0S7E*00 
PO  * l « 02*t  *05  N/«2 
TO  * 3.3906*02  066. K 
PSW  = 2.4676*02  N/N2 
TW  » 3.0236*02  OEG.k 


MF  * 4.7566*00 
ne  s 1.4096-02  KG/**3 
T£  = 6.1376*01  OFG.K 
U6  = 7.4696*02  m/S 
a 2.5776*06  1/M 


6.4116*00  CM 
2.056f  *00  CM 
2.674,  -01  CM 
4.0126-01  CM 
4.4446-02  CN 


0.0000 
.0305 
,0569 
.0838 
.1168 
.1600 
.2108 
.2819 
.6223 
.9271 
1.2497 
1 .5860 
1.9279 
2.3190 
2.79*0 
3.1953 
4.0107 
4.4856 
4.9657 
5.6439 
6. AllO 
6.9037 
7.6987 
8.2042 
8,9075 


0.0000 
.3721 
.4401 
.6077 
.7920 
.9830 
1.1769 
1.3616 
1 .6999 

i .9? as 
2.10V6 
2.3095 
2.6126 
2.7863 
3.0739 
3.3441 

3.8511 

4.1201 

4.3428 
4.5306 
4 .6636 
4.7229 
4.75S7 
4.7678 
4.7737 


1T/VTE 


.8919 


.9156 

.9219 

.9289 

.9367 

.9524 

.9501 

.9472 

.948? 

.9524 

.9665 

.9739 

.9015 

.9067 

.9932 

.9949 

.9962 

.990? 

.9997 

.9998 

1.0000 

.9997 

.9997 


.2030 


4.926' 


0.0000 


.212* 

4.7092 

.2773 

.2210 

4.5242 

.3542 

.2326 

4.3000 

.4206 

.2468 

4.0512 

.4VHI 

.2606 

3.0375 

.5609 

.3007 

3.3257 

.6518 

.3326 

3.0069 

.7014 

.3605 

2.7736 

.7300 

.3929 

2.5*52 

.77*3 

.4238 

2.3594 

.0116 

.47*6 

2.1072 

.8505 

.6330 

l.»7bl 

.885  3 

.5939 

1.6539 

.9126 

.7230 

1.3831 

.9623 

.8022 

1.2*66 

.969? 

.8673 

1.1530 

.9806 

,9260 

1.07^9 

.9900 

.9689 

1.0 

.9962 

.9009 

1.0  2 

.9906 

1.0000 

1-  ' '0 

1.0000 

1.0044 

- 5 

1.0003 

1.0065 

35 

l.ooos 
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i 

P 


\ 

i 


t 

f 

i 

>• 


r 


I 

i 


NOL  boundary  layer  channel  profile  day  a 


PUN  NO.  1 OBI  OS 


COMBINED  TEMPERATURE-PRESSURE  PROBE 


STA  * 2. 057E*00 
PO  a 1 . 0?4E»05  N/M2 
TO  * 3. 394E ♦ 02  OCG.K 
PS*  a 2.A&7E+02  N/M2 
Tw  » 3.023E*02  0E6.K 


ME  a A . 756E ♦ 00 
OE  = 1.A07E-02  KG/M3 
TE  * 6.l45t'*01  DEG.K 
UE  ® 7.473E*02  M/S 
RE  * 2.571E*06  l/M 


DEL  « 6.4llE*O0  CM 
DSTH  a 2<B52E*00  CM 
Tm  a 2.722E-0J  cm 
’HE  a A.895E-01  CM 
fMH  a S.399E-02  CM 


N Y(CM) 


m TT/TTE  D/DE 


T/TE 


U/UE 


1 

0.0000 

0.0000 

.8906 

2 

.0305 

.3720 

.9019 

3 

.0559 

.4480 

.9100 

4 

.0838 

.6077 

.9100 

S 

.1168 

.7920 

.9270 

6 

.1600 

.9830 

.9302 

7 

.2108 

1.1769 

.9331 

8 

.2819 

1.3616 

.9352 

9 

.6223 

1.6999 

.9628 

10 

.9271 

1.9235 

.9417 

11 

1.2497 

2.1074 

.9436 

12 

1.5850 

2.3095 

.9479 

13 

1.9279 

2.5125 

.9555 

14 

2.3190 

2.7862 

.9682 

15 

2.7940 

3.0739 

.9754 

16 

3.1953 

3.3441 

.9812 

17 

4.0107 

3.8511 

.9904 

18 

4.4856 

4.1281 

.9929 

19 

4.9657 

4.3427 

.9958 

20 

5.6439 

4.5305 

.9982 

21 

6.4110 

*.6635 

1.0010 

22 

6.9037 

4.7229 

1.0000 

23 

7.6987 

4.7557 

1 .OOuO 

24 

8.2042 

4.7678 

1.0009 

25 

8.9078 

4.7737 

.9995 

*203? 

4.9203 

0.0000 

.2063 

4.8472 

.172? 

.2069 

4.8324 

.2071 

.2136 

4. 6577 

.2765 

.2198 

4.5496 

.3552 

.2322 

4.3059 

.4289 

. 2478 

4.0359 

.4972 

.2654 

3.7663 

.5558 

.3031 

3.2992 

.6492 

.3345 

2.9894 

.6993 

.3623 

2.7601 

.7362 

.3947 

2.5333 

.7730 

.4287 

2.3327 

.8069 

.4773 

2.0950 

.8480 

.5364 

1.8643 

.8825 

.5972 

l.t/44 

.9099 

. 725 1 

1.3792 

.9510 

.8039 

1.2460 

.9682 

.8676 

1 .1526 

.9804 

.9259 

1.0800 

.9900 

.9676 

1.0335 

.9969 

.9883 

1.0114 

.9987 

1.0100 

1.0000 

1.0000 

1.0C32 

.9968 

1.0009 

1.0067 

.9934 

1.0005 

B 
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NOL  80UN0AHY  LAYER  CHANNEL  PROFILE  DATA 
BUN  NO.  108091  CONICAL  EQUILIBRIUM  TEMPERATURE  PROBE 


STA 

m 

l.702E«00 

ME 

* 

*.91*t*00 

del 

at 

6.510E*00 

C** 

PO 

M 

1.031E«06 

N/M2 

Of 

S 

l.ioie-oi 

DSTN 

s 

1.81*E*00 

CM 

TO 

s 

*.255E»02 

0E6.K 

TE 

s 

7.299E*01 

OFR.K 

TN 

a 

2.*19F-01 

CM 

PSW 

* 

2.296E  *03 

N/M? 

UF 

= 

B.*16E*02 

M/S 

The 

2 

4.455F-01 

CM 

TH 

X 

3. 030E ♦ 02 

OEG.K 

RE 

S 

1 • 86  7E  *■  07 

1/M 

Thm 

2 

1.596E-01 

CM 

N 

Y<CM) 

M 

TT/TTE 

0/PE 

T/TE 

O/UE 

1 

0.0000 

0.0000 

.7121 

.2*09 

*.1511 

0.0000 

2 

.0305 

1.185* 

-- 

.. 

__ 

3 

• 0533 

1.3890 

-- 

-- 

« 

.1118 

1.5790 

.8201 

.3135 

3.1898 

.5739 

c. 

.1981 

1.7307 

.8271 

.3316 

3.0152 

.6116 

6 

.279* 

1.838'. 

.83*5 

.3**6 

2.9022 

.637* 

7 

.3937 

1 .9906 

.8*5* 

.3637 

2.7*93 

.6717 

A 

.566* 

2.1868 

.8588 

.3908 

2.5589 

.7119 

9 

.8179 

2.45*3 

.8767 

.*31* 

2.3160 

.760* 

10 

1.0715 

2.7288 

.89*5 

.*77* 

2.0946 

.8037 

n 

1.3*37 

3.0201 

.9116 

.5315 

1.3315 

.8*30 

12 

1.6*85 

3,33*2 

.9273 

.5963 

1.6769 

.8787 

13 

2.0*.  22 

3.7019 

.9438 

.6799 

1.<-707 

.9136 

l A 

2.3927 

3.9890 

.9530 

.7529 

1.3283 

.9366 

IS 

2.B3*6 

*.231* 

.9620 

.8169 

1.22*1 

• 952  t 

16 

3.5662 

*.*896 

.9725 

• H8V5 

1.1266 

.9696 

17 

*.**50 

*.6987 

.9820 

.9*61 

1.0570 

.9831 

1" 

5.1*10 

*.7706 

.9850 

.9630 

1.036* 

.9693 

19 

5.8801 

*.8130 

.9925 

.9736 

1.0271 

.9927 

• 20 

6.5100 

*.8399 

.9962 

.9790 

1.0215 

.9955 

21 

7.60*8 

* . 86*5 

• 99«3 

.9851 

1.0151 

.9974 

• 2? 

8.9078 

*.9139 

1.0900 

UOOflO 

1.0000 

1 .0000 

B-ll 
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NOL  BOUNOARY  LAYER  CHANNEL  PROFILE  DATA 


RUN  NO.  1 08091 


combined  temperature-pressure  probe 


5TA  a I «?02E*00 
PO  « 1 .03 IE* 06  H/ M2 
TO  » 4.266£«02  DEG.K 
RSN  ■ 2.296£«03  N/M2 
TN  • 3.0J9E*02  0E6.K 


M£  * 4. 9]4E«00 
OE  ■ 1.098E-01  K6/M3 
TE  * 7,31 9E«0 1 0E6.K 
UE  ■ 0.427E*O2  M/S 
RE  * 1 ,859t »07  1/N 


OEL  ■ 6. SI OE  * 00  CM 
DSTR  • 1 .813E*00  CM 
TH  • 2.428E-01  CM 
THE  a 4.479E-01  CM 
THH  a 1 .613001  CM 


0,0000 
.030S 
.0533 
.1118 
.1981 
.2794 
.3937 
.5664 
.6179 
1.0719 
1.3437 
1 .6485 
2.0422 
2.3927 
2.8346 
3.5662 
4.4450 
5.1410 
5,8601 
6.5100 
7,6048 
8.9078 


0.0000 
1.1854 
1.3891 
1.5790 
1.7307 
1.8366 
1.9906 
2.1868 
2.4543 
2.7286 
3.0201 
3.3343 
3.7020 
3.9691 
4.2315 
4.4896 
a. 6987 
4.7706 
a. 8130 
4.6399 
4.8645 
4.9140 


TT/TTE 

.7123 

.8065 

.8161 

.6231 

.8328 

.8403 

.8494 

.8606 

.6759 

.8914 

.9051 

.9210 

*9361 

.9463 

.9601 

.9722 

.9840 

.9905 

.9451 

.9961 

.9969 

1.0000 


.2406 

.2725 

.2913 

.3124 

.3294 

.3422 

.3620 

.3900 

.4316 

.4790 

.5353 

.6004 

.6855 

.7566 

.8165 

.6877 

.9441 

*96)5 

.9721 

.9792 

.9665 

1.0000 


4.1522 

3.6698 

3.4326 

3.2015 

3.0359 

2.9225 

2.7624 

2.5642 

2.3160 

2.0675 

1.8681 

1.6656 

1.4587 

1.3217 

1.2217 

1.1265 

1.0592 

1.0400 

1.0298 

1.0214 

1.0137 

1.0000 


NOiTft  74-10 


N0l_  60"90»8r  l AV£w  CHANNEL  pmofilf  o*ta 

»IIN  Ml.  1U6054  CONICAL  F0UILIH91UM  UHPEw*TU«C  PW08E 


ST» 

• 

1.70?F*00 

*F 

ft 

4.875t *00 

Oft 

ft 

4.e*3*-oo 

r*» 

PO 

ft 

5.178E  *0% 

N/**2 

in 

ft 

5.40PE-02 

««/>»3 

ostu 

ft 

l.9*>bF*«0 

CM 

TO 

ft 

4 . 230E  *0? 

Ofc'fi.K 

TF 

ft 

7.3%2F*01 

r>Fr».« 

Tm 

ft 

2.723F-01 

r- 

P%9 

r 

1.13SF»03 

N/M? 

UF 

ft 

8.3«0t*02 

M/S 

THE 

ft 

4.981E-U1 

CM 

T* 

s 

3.004E.02 

OF  <i.« 

MF 

ft 

9,064F*06 

1/M 

Tmm 

ft 

1.916F-01 

r*» 

N 

y icm» 

M 

TT/TTF 

Cl/DE 

T/n 

U/UF 

l 

0.0000 

0.0000 

.7102 

.2*47 

4.0863 

0.0000 

2 

. 030S 

.8178 

— 

— 

-- 

— 

3 

.0356 

.9670 

-- 

-- 

-- 

- - 

4 

.0533 

1 . 1 7 v 7 

-- 

-- 

-- 

- - 

s 

.09U 

1 .3«  * b 

.8073 

.2994 

3.3401 

.5230 

IS 

.137? 

1.5270 

.8169 

.3)1? 

3.2133 

.561% 

7 

.21*4 

1 .6%*0 

.8233 

.3267 

3.0606 

.%93* 

a 

.2944 

1.7411 

• 8 264 

.3379 

2.9605 

.6)44 

9 

.431  H 

1 .8946 

• 93%7 

.3573 

2. 79V0 

.6501 

Hi 

.5766 

2.0406 

.8442 

.37  73 

2.6603 

.6614 

n 

.731-, 

2.1001 

. fl%46 

.396% 

2.5097 

.7116 

l? 

.P91S 

2.3*26 

.864% 

.*2)7 

2.3716 

.7399 

13 

1.0871 

2.6365 

.8763 

.*53% 

2.2050 

.772% 

1* 

1.287% 

2.71S2 

.8872 

.*8*7 

2.0631 

.7999 

IS 

1.4707 

2.9107 

.8083 

.5213 

1.91B4 

.8269 

IS 

1.6967 

3.1284 

.9097 

.5650 

1.7699 

.6%3% 

17 

1 .8339 

3.2531 

.9144 

.8923 

1.6682 

.8670 

1* 

2.0*79 

3.4781 

.9274 

.6406 

1.5606 

.891? 

IV 

2.3597 

3.71%% 

,9367 

.697* 

1.433? 

.9123 

20 

2.702% 

3.0672 

.9466 

.7623 

1.3116 

,93?n 

21 

3.18C1 

4.2499 

. 956? 

.8363 

1.1929 

.9521 

2? 

3. 9824 

4.5291 

.9697 

.914% 

1.0934 

.9714 

23 

4.4704 

4.6328 

.076? 

.9423 

1.0813 

.9769 

?4 

5.1308 

4.7307 

.964  0 

.9671 

1.0340 

.966  7 

2% 

5.7531 

4.7802 

.9868 

.9790 

1.0214 

,9909 

26 

6.39S7 

4.6109 

.99,«« 

.9843 

1.0i69 

.9946 

• 27 

8.P834 

4.8335 

. 09%  1 

.9807 

1.0104 

.9966 

• • ?i» 

8.1 3m? 

4.8754 

1.0000 

1.0000 

l.oooo 

1.0000 

?9 

9,174% 

4.0174 

1.0033 

1.0110 

.989? 

1.0031 

S-13 


NCIVS  74-50 


N01  80UNDARW  LAYER  CHANNEL  PROFILE  DATA 
RUN  NO.  108054  COMBINED  TEMPERATURE-PRESSURE  PROBE 


STA 

• 

1 »702E*00 

9 

4 »675E  »00 

OEL 

* 

6.8832  *00 

CM 

PO 

m 

5.1 78E  *05 

N/M2  OE 

m 

5.435E-02 

KG/M3  OSTR 

m 

1.961E*00 

CM 

TO 

9 

4.209E*02 

OEG.K  TE 

M 

7.315E*0l 

OEG.K  TM 

9 

2.697E-01 

CM 

PSW 

U 

1.1 35E  *03 

N/M2  UE 

9 

6 ,359E  * 02 

M/S  THE 

9 

4.936E-01 

CM 

rw 

• 

3.000£»02 

OEG.K  RE 

9 

9,137E*06 

l/M  THM 

m 

1 ,8662-01 

CM 

N 

t ( Cm  ) 

M 

TT/TTE 

0/0E 

T/TE 

U/UE 

1 

0.0000 

0.0000 

.7128 

.2438 

4.1017 

0.0000 

2 

.0305 

.8178 

.7830 

.2516 

3.9739 

.3344 

3 

.0356 

.9670 

.7932 

.2601 

3.8450 

.3889 

A 

.0533 

1.1797 

.8071 

.2753 

3.6327 

.4612 

5 

.0914 

1.3976 

.8172 

.2957 

3.3814 

.5271 

6 

.1372 

1.5270 

.8221 

.3100 

3.2257 

.5625 

7 

.2184 

1.6550 

.8276 

.3250 

3.0767 

.5954 

8 

.2946 

1.7411 

.8334 

.3349 

2.9856 

.6170 

9 

.4318 

1.8946 

.8424 

.3544 

2.8216 

.6527 

10 

• S766 

2.0406 

.8518 

.3739 

2.6743 

.6844 

11 

.7315 

2.1901 

.8608 

.3956 

2.5281 

.7142 

12 

.8915 

2.3426 

.8703 

.4189 

2.3874 

.7424 

13 

1.0871 

2.5365 

.8807 

.4513 

2.2159 

.7745 

1* 

1.2675 

2.7152 

.8903 

.4831 

2.0702 

.8013 

IS 

1.4707 

2.9107 

.8982 

.5214 

1.9180 

.8268 

16 

1.6967 

3.1283 

.9104 

.5645 

1.7715 

.8540 

17 

1.8339 

3.2531 

.9157 

.5915 

1.6906 

.8676 

18 

2.0879 

3.4780 

.9249 

.6425 

1.5565 

.8900 

19 

2.3597 

3.7155 

.9345 

.6994 

1.4298 

.0112 

20 

T . 026 

3.9672 

.9463 

.7617 

1.3128 

.9323 

21 

3.1801 

4.2499 

.9588 

.8360 

1.1962 

.9534 

22 

3.9624 

4.522 

.9698 

.9144 

1.0936 

.9715 

23 

4.4704 

4.6328 

.9769 

.9416 

1.0620 

.9793 

2* 

5.1308 

4.7307 

.9852 

.9660 

1.0352 

.9872 

25 

S«7£3* 

4.7801 

.9901 

.9777 

1.0228 

.9916 

26 

>■.3957 

4.8109 

.9933 

.9849 

1.0154 

.9943 

• 27 

6.883' 

4.8335 

.9959 

.9898 

1.0103 

.9966 

••  28 

8.1382 

4.8755 

1.0000 

1.0000 

1.0000 

1.0000 

29 

9.1745 

4.9174 

1.0000 

1.0143 

.9859 

1.0015 

l-H 


NOLU  74-  TO 


*»OL  BOUNOAPY  IAY£P  f.r'A9*EL  PPOFIlf  DATA 


BUH  MO.  10*055 

rONtCAL  FQUILlBHlUN 

TEMPERATURE  PROBE 

STA 

X 

1 . 702F  *00 

ME 

- 

*.7«7E*00 

OFL 

* 

B.16*E*00 

CM 

PO 

X 

L. 013E«05 

N/M? 

:<f 

r 

1.136E-02 

ns»T« 

X 

2 »**2E  *00 

tm 

TO 

X 

*.?10E »02 

OEO.k 

TE 

a: 

7 .5*0E • 0 1 

f'FG.K 

th 

X 

*.0*9E-01 

CM 

PSW 

M 

2.*32E*02 

N/M? 

UE 

= 

8 • 333F  *02 

«/S 

Thy 

s 

7.353E-01 

CM 

YW 

S 

2.990F  *02 

DEO.K 

«F 

s 

1 .«*2E *06 

1/M 

T mm 

3 

3.520E-01 

CM 

N 

Y (C“) 

M 

TT/TTE 

O/OE 

T/TE 

U/UF 

l 

0.0000 

0.0000 

.710? 

.2522 

3.9651 

n.oooo 

? 

.03(1*1 

.3857 

-- 

3 

.0336 

.*298 

-- 

-- 

-- 

* 

* 0 A3H 

.6922 

• 7**>3 

.2630 

3. 8026 

.2820 

5 

.1067 

.8581 

.7579 

.271 1 

3.6886 

.3**  3 

A 

.1321 

.9908 

.770? 

.2782 

3.59*5 

.392* 

7 

.1600 

1.1155 

.7828 

.2857 

3. *999 

.*359 

H 

.1981 

1.27*8 

.796* 

.2960 

3.3559 

.*878 

9 

.2560 

1 .*299 

.8067 

.3120 

3.20*7 

.53*7 

in 

.6096 

1.812* 

• 5235 

.360* 

2.77*9 

.6307 

11 

.7767 

1.97*3 

.8277 

.3850 

2.5971 

.66*6 

1? 

1.0312 

2.1632 

.83*0 

.*158 

2. *052 

.7008 

13 

2.06S0 

2.9168 

.8675 

.5577 

1.7929 

.8169 

1A 

2.311* 

3.1012 

.8763 

.5982 

1.6716 

• 8376 

1* 

2.5603 

3.2818 

.883* 

.6396 

1.5638 

.8573 

16 

3.1801 

3.6907 

.9018 

• 739  ’ 

1.3620 

.H9ts* 

17 

3.8379 

*.0565 

.9187 

. 83r>5 

1.195* 

.9265 

1« 

* .*628 

*.3010 

.9331 

.9021 

1.1086 

.9*69 

19 

5.138* 

*.5007 

.9*93 

.9530 

1 .0*93 

.9631 

?n 

5.7302 

*.6035 

.9608 

.9765 

1.02*1 

.9731 

21 

6.2662 

*.6595 

.9700 

.9865 

1.0137 

.9600 

2? 

6.916* 

*.7085 

.98(1* 

.9927 

1.0073 

.9872 

5*3 

7.5108 

*.7327 

.9888 

.9925 

1.0075 

• 99?  3 

2* 

8.1636 

*.7660 

.99*6 

.9982 

1.0018 

.9965 

?S 

9.04*9 

•i.7871 

1.0000 

1.0000 

1.0000 

1.0000 

6-15 


NOi.TR  74-10 


j 


NOL  BOUNDARY  LAYER  CHANNEL  PROFILE  DATA 
RUN  NO.  100055  COMBINED  TEMPERATURE “PRESSURE  PROBE 


| STA  ■ 1 • 702E  * 00  ME  a 4.787EOO  DEL  * 8.164E*00  CM 
1 PO  a I.013E«05  N/M2  OE  a 1.136E-02  KG/M3  OSTR  a 2.442E*00  CM 
! TO  a 4.211£*02  OEG.K  TE  a 7.542E*01  OEG.K  TM  a 4.014E-C1  Cm 
i PSW  « 2.432£*02  N/M2  UE  « 8.334E*02  M/S  THE  a 7.275E-Q1  CM 
i TM  a 2.992£*02  OEG.K  RE  * 1.84l£*06  l/M  TMM  a 3.462E-01  CM 


l 


! N 

yicmj 

M 

TT/TTE 

O/DE 

T/TE 

U/UE 

1 1 

0.0000 

0.0000 

.7106 

.2520 

3.V676 

0.0000 

; 2 

.0305 

.3857 

.7420 

.2406 

4.0233 

.1616 

3 

.0356 

.4298 

.7446 

.2494 

4.0091 

.1798 

4 

.0038 

.6921 

.7652 

.2565 

3.6988 

.2055 

5 

.1067 

.8581 

.7758 

.2649 

3.7757 

.3483 

6 

.1321 

.9900 

.7847 

.2731 

3.6622 

.3961 

7 

.1600 

1.1155 

.7902 

.2831 

3.5328 

.4380 

e 

.1981 

1.2740 

.7994 

.2969 

3.3686 

.4888 

! 9 

.2540 

1.4299 

.8055 

.3133 

3.1922 

.5337 

10 

.6096 

1.0124 

.8181 

.3627 

2.7569 

.6286 

; n 

.7747 

1.9743 

.8226 

.3874 

2.5811 

.6626 

i 12 

1.0312 

2.1632 

.8289 

.41S3 

2.3905 

.6967 

13 

2.0650 

2.9168 

.8635 

.5604 

1.7845 

.0139 

14 

2.3114 

3.1012 

.8727 

.6000 

1.6667 

.8363 

15 

2.5603 

3.2819 

.8811 

.6412 

1.5596 

.8562 

1* 

3.1801 

3.6907 

.9002 

.7409 

1.3497 

.0957 

17 

3.8379 

4.0565 

.91  "6 

.8366 

1.1953 

.9264 

19 

4.4*28 

4.3009 

. 9j4l 

.9011 

1.1 098 

.9465 

19 

5.1384 

4.5007 

.9510 

• 9505 

1.0521 

.964  3 

i 20 

5. 7302 

4.6035 

.9638 

.9735 

1.0273 

.9747 

i 21 

6.2662 

4.6595 

.9739 

.9024 

1.0179 

.9820 

t 22 

6.9164 

4.7006 

.9839 

.9892 

1.0109 

.9089 

! 23 

7.5108 

4.7328 

.9904 

.9909 

1.0092 

.9932 

• 24 

6.1636 

4.7659 

.9965 

.9962 

1.0038 

.9975 

' •*  25 

9.0449 

4.7872 

1.0000 

1.0000 

1.0000 

1.0000 

I 

i 

i 

k 


0-16 


I 


I 


nOIT*  7A-t o 


NOL  POUNOAPT  IA¥£p  CHANNEL  PWOFILF  DATA 


PON  NO.  1 OBI  01 

CONICAL  EOUtLlHPlUN 

TLNPCPATllRF  PPOPF 

STA 

s 

2.057F«00 

-E 

. 

4. 9721-  ‘00 

dfl 

X 

6.937F.00 

fM 

PO 

a 

1 .0321 .06 

N/M? 

OE 

* 

1.100f-01 

*G/p3 

OSTP 

s 

P.OOAf.OO 

CP 

TO 

x 

4.236E.02 

OEft.K 

TF 

3 

7.126F  *01 

OFG.K 

Tm 

a 

2.607F-01 

r«* 

PS* 

* 

2 . ?4SE  *03 

N/«2 

UF 

a 

B.A13t»02 

p/s 

TMf 

X 

A.TBfcF-Ol 

CP 

T* 

= 

3.03*E«02 

DEG.* 

«F 

= 

1 .931F  *07 

1/P 

Thh 

3 

1 .725F-01 

CP 

N 

¥ (CP) 

p 

TT/TTF 

o/oe 

T/TE 

u/ut 

1 

0.0000 

0.0000 

.71*4 

.2346 

4.2563 

0.0000 

? 

.030a 

1 .0064 

-- 

-- 

- - 

3 

.0406 

1.2163 

-- 

-- 

-- 

-- 

4 

.0564 

1.3625 

-- 

-- 

-- 

-- 

S 

• 0fl36 

1 .4976 

• 6 1 09 

.3006 

3.3269 

.5495 

6 

.1270 

1 .5946 

.6184 

.3101 

3.2246 

.5759 

7 

.1676 

1 .6645 

.8232 

.3176 

3.1463 

.6941) 

ft 

.22)0 

1.7323 

.6274 

.3264 

3.0733 

.61  06 

9 

.2972 

1 .6341 

.8339 

.3375 

2.9631 

.6350 

10 

.4343 

1.9927 

.8446 

.3574 

2.7981 

.6704 

11 

.7595 

2.2946 

.8634 

.4001 

2.4995 

.7  2h1 

1/ 

1.0643 

2 .5f»46 

• 83  2 9 

.6417 

2.26 »o 

.776* 

13 

1.4326 

2.907B 

.9038 

.5009 

1.996? 

.H?6  3 

14 

1.8263 

3.2794 

.9245 

.5734 

1.7439 

.8710 

IS 

2.1946 

3.6063 

.9395 

.6449 

1.5507 

.90  32 

16 

2.6264 

3.9977 

.9538 

.7402 

1.3510 

.9346 

17 

3. 2065 

4.3062 

.9631 

.823? 

1 .2146 

.986| 

1“ 

3,8583 

4.5542 

.9712 

.8916 

1.1213 

.9700 

IP 

4.4018 

4.6961 

.9785 

.93«3 

1.07*9 

.9793 

20 

5.1283 

4.6098 

,9»47 

.9613 

1 .0402 

.9867 

21 

5.7531 

4.8638 

.9897 

.974? 

1.0265 

.991  1 

* ?2 

6.9367 

4.9146 

.9962 

.964  7 

1.0155 

.9961 

23 

7.6632 

4,9471 

.99  79 

.9939 

1 .00o2 

.9981 

24 

6.20  1 7 

4.9538 

.9991 

. 994V 

1.0051 

.99*9 

• ?s 

6.9433 

4.9719 

l .oooo 

1.0000 

1.0000 

1 .onnn 

i 


i 


i 


i 


i 


j 

i 
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NOtT*  74-10 


NOL  BOUNDARY  l»Y£R  CHANNEL  PROFILE  DATA 
RUN  NO.  100101  COMBINED  TEMPERA TUBE “PRESSURE  PROBE 


STA 

a 

2.057E»00 

me 

a 

4.972E-00 

del 

a 

6.937E*00 

CM 

PO 

a 

1 »032E »06 

n/m; 

OE 

a 

1.107E-Q1 

KG/M3 

OSTR 

a 

2 • 002£»00 

CM 

TO 

a 

4.243E*02 

DEG.K 

TE 

a 

T • 1 39E  *01 

DEG.K 

TM 

a 

2.623E-0 1 

CM 

PS* 

a 

2 • 246E  * 03 

N/M2 

UE 

a 

8.421E.02 

M/s 

THE 

a 

* . 809E-0 1 

CM 

T* 

a 

3. 042E«02 

DEG.K 

RE 

a 

1 < 925E ♦ 07 

1/p 

Tmm 

a 

1.754E-01 

CM 

N 

V (CMI 

M 

TT/TTE 

D/DE 

T/TE 

U/UE 

l 

0.0000 

0.0000 

.7170 

.2347 

4.2614 

0.0000 

2 

.0305 

1.0964 

.8002 

.2606 

3.6344 

.4316 

3 

<0406 

1.2163 

.6074 

.2700 

3.7034 

.4706 

4 

.0584 

1.3625 

.6129 

.2636 

3.5232 

.5144 

5 

.0836 

1.4976 

.616? 

.2964 

3.3510 

.5515 

6 

.1270 

1.5945 

.8205 

.3093 

3.2326 

.5767 

r 

.1676 

1.6645 

.6256 

.316? 

3.1577 

.5949 

A 

.2210 

1.7323 

.6316 

.3237 

3.089? 

.6125 

9 

.2972 

1.6340 

.6384 

.3357 

2.9790 

.6367 

10 

.4343 

1.9927 

.8475 

.3562 

2.6076 

.6716 

11 

.7695 

2.2946 

.6633 

.4001 

2.4992 

. ?2V6 

12 

1.0643 

2.5645 

.8770 

.4442 

2.2513 

.7739 

13 

1.4326 

2.9077 

.8964 

.5051 

1.9799 

• A229 

1* 

1.6263 

3.2794 

.9141 

.5799 

1.7244 

.8662 

15 

2.1946 

3.6062 

.9298 

.6516 

1.5346 

. A966 

IB 

2.6264 

3.9976 

.9482 

.7446 

1.3431 

.9318 

17 

3.2055 

* .306 1 

.9612 

.6246 

1.2125 

.95*1 

IB 

3.6563 

4.5542 

.9715 

.6915 

1.1217 

.9701 

19 

4.4018 

4.6960 

.9796 

.9290 

1.0764 

.9799 

20 

5.1283 

4.8097 

.9679 

.9582 

1.0436 

.9883 

21 

5.7531 

4.6637 

.9925 

.9715 

1.0293 

.9925 

• 22 

6.9367 

4.9145 

.9965 

.9644 

1.0156 

.9963 

23 

7.6632 

4.9470 

.9966 

.9931 

1.0069 

.9985 

2* 

8.2017 

4.9537 

.9967 

.9972 

1.0028 

.9977 

• 25 

8.9433 

4.9718 

1.0000 

1.0000 

1.0000 

1 .0000 

ft- 1 8 


\ 


HQi.ru  74- W 


NOL  80U9D**»r  1*T£W  C**99EL  PMOFllF  0*T* 


»UN  MO.  1OBI02 


C0*1C»L  F0UlLt86|U*  ?EMP£8*TUHE  PM08E 


ST*  • ?.<JSTf.OO 

pn  • 5. me. os  m/«? 

TO  • *.??0f  *02  OEP.« 
°S8  « l . | %6£  »03  */*.? 
T«  « 3.0201*02  o£0.» 


mt  a *,86*F«00 
OE  * S • 50  8£ -02  «fP/-3 
TF  a 7 • 38  31 • 0 1 
UE  n 8,3666.02  m/S 
»E  * 9.?02t-»O6  1/m 


DEC  » 7.036E»00  r m 
OSTt*  a ? . 1 *2F  « 0 0 fM 

Tm  a 3 . 0 ?8F -P  1 r- 

Tmf  a S.507C-01  r« 
Thm  a 2.17SF-01  C>* 


9 

r «c*») 

H 

1 

0.0000 

0.0000 

? 

• C30S 

• 63s3 

3 

.0*57 

1 . 0*  7s 

* 

.058* 

1.1700 

S 

.0838 

I .3*94 

6 

. 1 092 

1 .4368 

7 

.13*8 

1 .5026 

M 

* 1 880 

1 .5818 

V 

.2311 

1 .8372 

in 

.29*6 

1 .7079 

11 

.*823 

1 .8703 

1/ 

.6788 

2.0532 

13 

.9093 

2.2*50 

l* 

1.201* 

2. *7  76 

IS 

1 .4*02 

2.67S* 

16 

1.70*3 

2.9051 

17 

1.963* 

3.1270 

1“ 

2.2831 

3.3720 

10 

2.532* 

3.603* 

?n 

3.1 VS  3 

4.0709 

21 

3.8633 

*.3783 

?? 

*.3‘61 

*.S?8* 

?3 

S. 1257 

*.6803 

2* 

S.6S15 

* . 75*8 

?5 

8.3881 

*.8129 

• 26 

7. 03S« 

*.8391 

27 

7.8378 

* .6528 

*♦  ?« 

rt. 1 91 S 

* .8*37 

?9 

8 . 925 

4,87*2 

1 

2 


TT/1 TF 

D/OE 

T/n 

U/IJF 

.7158 

.2*38 

*.1021 

11.0000 

-- 

- - 

- - 

- - 

— - 

- - 

-- 

• «• 

-- 

- - 

.. 

. 7985 

.2988 

3.3*65 

.5075 

.6095 

.30*8 

3.2609 

.53SB 

.8138 

.3112 

3.2130 

.5538 

.8150 

.321? 

3.1130 

.5736 

.8180 

.328* 

3.0**7 

.5673 

• 8190 

.337* 

? . 98*  ? 

.60*6 

.6292 

.3577 

?. 7967 

.6*30 

.836? 

.38*0 

2.6039 

.6819 

.8519 

.4113 

2,4315 

.7198 

.8673 

.4*8? 

2.2312 

.7669 

.840  3 

, * A 1 9 

2.07*9 

• 792* 

.6934 

.52*9 

1.9050 

.**2*4 

.905? 

.5697 

1.7553 

.8516 

.919* 

.621* 

1.6093 

.“79* 

.9285 

.6769 

1 .*795 

.901? 

,5*8  3 

,796* 

1.2557 

.9379 

.9578 

.6811* 

l. 13SS 

.959  J 

.968  7 

.9207 

1.0861 

.9703 

.9778 

.960? 

1.0*15 

. 98  ? 0 

.9855 

.9776 

1 .0229 

.9887 

.9921 

.9906 

1.0095 

.99*? 

.9981 

.9955 

1.00*5 

.997? 

. 99h? 

. 99*>  1 

1.0019 

.9967 

1 . 0000 

i .oooo 

l.oooo 

1 ,000u 

l.ooo? 

1.0033 

.996  7 

1 . 0u0-> 
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NOt  T*  74-10 


*0t  BOUNDARY  LAYER  CMAWNtL  PROfllC  OATA 

«m»  ho.  i obi 92  cowatNfo  rtHRiRAtuat-Riitssuac  w»oac 


sta  > 2.osrc*» « 

PO  * 5.171t«05  H/*i 
TO  ■ *.210C»02  OCO.K 
PS*  • 1 • 156C  *03  N/M2 
T*  « 3 • 029E • 02  OCO.K 


ME  • A . *6*C  *00 
OC  • 5.521E-02  Kfl/M3 
T C ■ 7.3*6£*01  OCO.K 
UE  • 0.357EO2  M/S 
»E  ■ 9.236E»06  1/M 


OCL  • 7.036C * 00  PM 
OSTR  a 2.1* AC *00  Cm 
TM  a 3.000C-01  CM 
tMC  a 5.477C-01  CM 
THH  a 2.1A1E-01  CM 


N 

Y (CM) 

M 

l 

0.0000 

0.0000 

2 

.0305 

.*353 

3 

.0*57 

1.0475 

4 

.050* 

1.1700 

5 

.0038 

1.3*9* 

6 

.1092 

l.«30* 

7 

.13*6 

1.5026 

6 

.1000 

1.5*10 

9 

.2311 

1.6372 

10 

.29*6 

1.7079 

1 1 

.4623 

1.0705 

12 

.6756 

2.0552 

13 

.9093 

2.2*50 

1* 

1 .201* 

2.4776 

15 

l.**02 

2.675* 

16 

1.70*3 

2.9051 

17 

1.963* 

3.1270 

18 

2.2631 

3.3719 

19 

2.532* 

3.603* 

20 

3.1953 

*.0709 

21 

3. *633 

4.3703 

22 

4.3561 

«.5203 

23 

5.1257 

*.6*03 

2* 

5.6515 

* . 75*0 

25 

6.3*01 

*.*129 

• 26 

7.035* 

*.«391 

27 

7.637* 

*.0520 

••  28 

*. 1915 

*.0630 

29 

6.9256 

*.07*2 

T7/TTC 

O/DC 

7/TC 

.7195 

.2*25 

*.1238 

.7A*« 

.2535 

3.94*0 

.7963 

.2672 

3.7*26 

.003* 

.2766 

3.61*7 

.0112 

.293* 

3.4079 

.8138 

.3032 

3.2906 

.01*4 

.3095 

3.2313 

.020* 

.3191 

3.1330 

.8236 

.325* 

3.0729 

.8269 

.33*1 

2.9929 

.0370 

.35** 

2.0220 

.6*61 

.380* 

2.6206 

.8568 

.*069 

2.4*5* 

.8708 

.4*6* 

2.2*0* 

.8002 

.*820 

2.07*7 

.8932 

.5251 

1.90*5 

.9015 

.57»0 

1.7*82 

.91** 

.6/*:- 

1.6013 

.9238 

.6793 

1.4720 

.9*50 

.7966 

1.2553 

.95*9 

.8796 

1.1369 

.96*3 

.9192 

1.0079 

.9799 

.9502 

1.007 

.9**7 

.976* 

1.02*1 

.9930 

.9897 

1.010* 

.9953 

.9963 

1.0037 

.9991 

.9972 

1.002* 

1.0000 

1 .0000 

1.0000 

1.0011 

1.0025 

.9976 

u/ut 

1.0000 
.3411 
.*167 
.*573 
• 5122 
.5373 
.555* 
.5757 
.5901 
.6075 
.6*61 
.*•61 
.7216 
.7625 
.7923 
.42*3 
.6501 
.4773 
.4909 
.9378 
.959* 
.9711 
.9*31 
.9693 
.99*7 
.9964 
.9991 
.0000 
.0009 
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NOtTH  74-10 


401.  0OH4O44V  PMOKILC  0*T* 


HUM  90.  100103 

C04tC*L  FOUll.tMPtUM  T 1 0*1  0*7  URE  PBOHF 

ST* 

* 

2.0476  *80 

**F 

• 

*.*0*t  *00 

UFL 

a 

6.30*F  « OO 

C* 

*0 

* 

1.0131  *0*> 

9/*2  OF 

» 

1.144* -02 

«7,/*l  OSTm 

a 

2 . 7 1 4F  • 00 

r.0 

TO 

• 

*.  10TF.Q2 

UFO.*  TC 

a 

7.*41t  *01 

flFG. 

4 Tm 

a 

* . 394F -01 

C** 

PS* 

* 

2.*?*1 *02 

N/-2  UF 

* 

6.3 16*.  *02 

*/S 

t«e 

a 

7 , 9*0F -0 1 

f» 

Tt» 

a 

J.03Sf02 

OCG.K  Mf 

a 

1.444*  *06 

1/9 

Tun 

a 

3.7*21-01 

C“ 

M 

TIC**) 

M 

TT7T7F 

o/nv 

T/Tt 

u/ul 

l 

0.0000 

0 .0000 

, T?*4 

.2*46 

*.0737 

0 

.0000 

2 

.0304 

.*107 

• •» 

-- 

- - 

m » 

\ 

,0*«i3 

.*601 

-- 

• * 

* 

.0711 

.6*4* 

-• 

. - 

• - 

s 

.11*1 

.41*1 

.7606 

.26*9 

3.776? 

.324  1 

* 

.1641 

1 .7*634 

.7404 

.2744 

.3,476* 

. 4U0 

7 

.210* 

1.2421 

.7937 

.29*4 

3.3947 

.4601 

* 

• 3*»0 

1.54*3 

.41*3 

.32*1 

3.0*63 

.46*1 

9 

.444* 

1.7*70 

.6174 

.3421 

2.6349 

* * 1 6 1 

10 

.6040 

1.9*29 

.4247 

.374? 

2.6*36 

• 647  J 

n 

* • « * 8” 

2.12** 

.4291 

.*044 

2. **64 

.691* 

i? 

1 .*430 

2. 3124 

• 63a2 

.434* 

2.2747 

. 72*0 

n 

l.»13* 

2. *>204 

.4406 

.*741 

2.1040 

.7610 

i* 

2.1M« 

2.7*a2 

.6493 

,42*4 

1.4067 

.7941 

i* 

2.4620 

? . 99  7 3 

.4’04 

.471* 

1.7400 

.0240 

i* 

3.190? 

3. *314 

.4699 

.6710 

1.4903 

.6717 

IT 

3.6S32 

3.4416 

.907* 

,7774 

1.2044 

.9046 

1* 

*.3967 

*.137? 

.9146 

.6460 

1.1603 

• 9 3 0 4 

1"* 

4.1191 

*.3«*3 

.43*>0 

.9243 

1.0607 

.4404 

70 

9.* 77* 

• „47m> 

.9433 

.466* 

1.032* 

.9*7  S 

2! 

*,?H*  i 

*.7039 

. 9 7 >0 

.4433 

1.00*6 

.902  l 

2? 

7 . Tab l 

*.7734 

.46*7 

l 

.002? 

.9470 

.9421 

• 23 

0.304* 

* . 790* 

.99** 

l 

.0002 

,4446 

.9966 

••  2* 

a ,9?'5h 

4.90*0 

l.oooo 

1 

. 0000 

1 .0000 

1 

.0000 

H 


NOtlft  ?«“H> 


NOL  BOUNDARY  LAYER  CHANNEL  PROFILE  data 


RUN  NO.  108103  C0H8INE0  TEMPERATURE “PRESSURE  PROBE 

STA 

* 

2.0S7£»00 

ME  * *.606E  *00 

del 

• 

8 • 306t*0  0 

CM 

PO 

• 

1 .0 1 3E • OS 

N/M2  Ot  « 1.159E-02 

KC./M3  OS  TR 

M 

2.725E«00 

C“ 

TO 

* 

*,17*E»02 

0E6.K  TE  ■ 7,*27E*0l 

oro 

,K  TH 

m 

* • 339E-0 1 

CM 

PSW 

» 

2.*26E«02 

N/M2  U£  « 8. 302E  *02 

«/s 

7 HE 

m 

7 . 830E“0 1 

CM 

TB 

r 

3. 036E ♦ 02 

OEG.K  RE  « 1 «903E  *06 

1/M 

THH 

u 

3.650E-01 

CM 

N 

Y (CM) 

M TT/TTE 

O/OE 

T/Tt 

U/UE 

1 

0.0000 

0,0000  .7275 

.2**6 

6.0883 

0.0000 

? 

.0305 

.4107  .7*30 

.2*76 

*.0392 

.1717 

3 

.0683 

.4599  .7537 

.2*61 

*.0636 

.1929 

4 

.0711 

.5953  .7656 

.2*89 

6.017* 

.2*83 

5 

.11*3 

.81*0  .77*2 

.2603 

3.8*1* 

.3320 

6 

.1651 

1,0635  .7902 

.2761 

3.6216 

.*21 1 

7 

.2108 

1.2520  .6039 

.2908 

3.*393 

.*631 

ft 

.3*80 

1.55*2  .9119 

.3251 

3.0763 

.5672 

9 

.5994 

1.7570  .8162 

.3516 

2.8*28 

.616* 

10 

.6890 

1.9*29  .6253 

.378* 

2.6*26 

.6572 

1 1 

1.1*05 

2.12*7  .6262 

.*089 

2. **58 

.691* 

1 z 

1 .*630 

2.3123  .8357 

.4407 

2.269* 

1 

13 

1.613b 

2.5208  .8*82 

.*76* 

2.0990 

.7599 

14 

2.1819 

2.7662  .6606 

.5237 

1 .9096 

. 7969 

15 

2.5629 

2.9972  .8706 

,5715 

1.7*97 

.82*9 

16 

3.1902 

3.6316  .8862 

.6723 

1 .*875 

.8709 

17 

3.8532 

3.8515  .9067 

.7766 

1.28** 

.0082 

16 

*.3967 

*.1371  .9215 

.65*2 

1.1707 

.0314 

19 

5.1161 

6.39*2  .9383 

.9220 

l .08*6 

,9522 

20 

5.6776 

*.5766  .9557 

.9662 

1 .0350 

.9668 

21 

6.78*3 

*.7037  .975* 

.9897 

1 .010* 

.9838 

2? 

7.7851 

*.7735  .9916 

.9973 

1 .0C27 

.9946 

• 23 

8.3058 

*.790*  .9955 

.9992 

1.0008 

.997  1 

••  2* 

6.9256 

4.6060  1.0000 

1.0000 

1 .0000 

1.0000 
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